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THE ARSENIC CONTENT OF FILTER ALUM 
Epwarp Bartow AND A. N. BENNETT 


Specifications requiring arsenic free alum for water treatment by 
several European! purification plants suggested that it would be ad- 
visable to make determinations of the arsenic content of the filter 
alum used in this country and particularly of that used in the state 
of Illinois. 

It is well known that products which are manufactured with the 
aid of commercial sulphuric acid quite generally contain more or less 
arsenic, depending upon the purity of the acid used. The poisonous 
character of arsenic compounds, even when present in small amounts, 
makes it of general interest and importance to have definite knowl- 
edge of the presence or absence of arsenic in any substance which 
enters directly or indirectly into foods or drinks. Sulphuric acid is 
used in the manufacture of filter alum and it is therefore quite essen- 
tial, particularly to those who are in public health work, to know 
whether arsenic in any considerable amounts is being added to drink- 
ing water in the process of purification with alum. 

We have been unable to find any definite published data relating 
to the arsenic content of filter alum. Dr. George A. Soper several 
years ago made an investigation of this problem, and referred to his 
results while discussing a paper by Mr. E. E. Wall? on “‘ Water Puri- 
fication at St. Louis, Missouri.”” Dr. Soper was discussing in par- 


1 Jour. f. Gasbel, 56, 882 (1913). 
? Trans. Am. Soc. C. E., 60, 202-9. 
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ticular the use of sulphate of iron in water treatment and spoke in 
the following manner: 


There is a final point which the speaker hesitates to mention, but, inas- 
much as before this society it will probably be taken in the conservative spirit 
in which it is intended, and may lead to useful inquiries, it may be referred 
to briefly. It concerns the composition of the sulphate of iron used. ‘ 
What are the impurities in this sulphate? How much arsenic is there in this 
sulphate? Some years ago the speaker had occasion to examine specimens of 
sulphate of aluminium from a good many filter plants and found arsenic in 
nearly all of them. It is true, that usually the arsenic was not present in 
large quantities, but it was easily discoverable, and in some of the samples it 
was present in sufficient amount to be of more than passing interest. The 
arsenic, of course, came from the sulphuric acid used in making the sulphate 
of aluminium, the sulphuric acid having been produced from pyrites which 
contained arsenic. 


From Dr. Soper’s first remark it is evident he realized that, due 
to the increasing public prejudice against the use of any material 
containing arsenic or other similar poison, a great injustice might be 
worked upon both the manufacturer and the plants that use alum 
for water treatment, by giving widespread publicity to this matter; 
at least, before all phases of the problem had been thoroughly in- 
vestigated. The writers, too, are of this same opinion and so have 
refrained from mentioning the names of any manufacturers whose 
product have been examined and have also omitted the name of all 
filter plants outside the state of Illinois. 

We have found but one other reference to the arsenic content of 
water treatment materials. In further discussion of the same paper 
and relative to sulphate of iron, Mr. E. E. Wall, in reply to Dr. 
Soper’s statements, said: 


The writer hasacopy ofareport . . . . inwhichit is stated that no 
arsenic was found in any of the samples tested and that the small quantity of 
arsenic in the sulphuric acid used in cleaning steel is, without doubt, removed 
in the cleaning tubs in the form of arsenureted hydrogen, thus leaving the 
liquors from which copperas is made, free from arsenic. Even if there should 
be a minute quantity of arsenic in the sulphate of iron, it is scarcely possible 
that this could remain in the water after treatment with the quantity of lime 
used at St. Louis. 


The explanation of the absence of arsenic in sulphate of iron due 
to its loss as arsine is quite feasible but such is not the case with 
sulphate of aluminium. Filter alum is made by digesting bauxite 
with the required amount of sulphuric acid, consequently all or prac- 
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tically all of the arsenic present in the acid will remain in the finished 
product. 

We have not been able to learn that anything has been done in 
this country to regulate the amount of arsenic in filter alum. The 
purification plants, at least in the state of Illinois, have made no 
effort to obtain an arsenic free article. The manufacturers of alum 
keep more or Jess accurate records of the arsenic content of their 
product. The writers have found only one producer who advertises 
“arsenic free alum.”’” Neither the government nor any of the states 
has promulgated legislation regulating this product, although there 
is a regulation concerning arsenic in other substances entering into 
foods. The government has set a limit for arsenic in coal tar dyes 
and in baking powder of one part in 700,000. This very low limit, 
particularly when it is considered that only relatively smal] amounts 
of these substances are used in food preparation, shows that con- 
siderable importance is attached to the presence of arsenic and its 
compounds. 


SAMPLES 


In order that results might be of greatest value by showing the 
condition of the alums as they are actually used, as many samples 
as possible were first obtained directly from the water purification 
plants in Illinois. Twenty-six plants use alum in treating water. 
The purpose of the investigation was explained to the managers of 
each plant. They were asked to coéperate by furnishing a sample 
of the alum used, together with the name of the manufacturer or 
dealer supplying the same. Twenty-two of the plants very promptly 
complied with the request, and in nearly every case expressed de- 
cided interest in the subject with a wish to know the results of the 
investigation. 

Owing to expense of transportation practically all of the alum used 
in Illinois is supplied by three manufacturers. In order to make our 
study more complete we have extended the scope of our investiga- 
tions and have secured samples from practically all of the large 
manufacturers of alum in the country. In some cases the samples 
came directly from the producer, and in others from the water treat- 
ment plants, The specimens of alum were carefully sampled, ground 
and analyzed in duplicate by the following methods. 
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METHODS OF ANALYSIS 


The method used in obtaining most of the data given is a modi- 
fied Gutzeit method, developed by Mr. Claude R. Smith® in his 
work on coal tar dyes and other food constituents. The results ob- 
tained by this method were in several cases checked by the Marsh- 
Berzelius method‘ and were found to agree. The Gutzeit method 
has been investigated by Sanger and Black® and others for quantita- 
tive work, and, when proper care is taken in the manipulation, has 
been found to give satisfactory results. The chief modification pro- 
posed by Smith is the use of paper sensitized with mercuric bromide 
instead of mercuric chloride, which had previously been generally 
used. The bromide gives more permanent stains and the standards 
can be kept Jonger. The method depends upon the formation of a 
dark orange stain when the generated arsine is brought in contact 
with the sensitized paper. The apparatus used is essentially as de- 
scribed by Smith. The generator is a 50 cc. wide mouth Erlenmeyer 
flask. This is connected with two upright tubes 8 cm. in length 
and 1 em. in diameter, the lower containing lead acetate paper and 
the upper filled with cotton moistened with 5 per cent lead acetate 
solution. Fitted into the upper tube by means of a rubber stopper 
is a capillary tube 3 mm. in internal diameter and 12 em. in length. 
This capillary is constricted at two joints about 3} cm. from each 
end. By this means the sensitized paper is held in the center of 
the tube thus producing stains of equal length on both sides of 
the paper. Under uniform conditions, the length of the stain varies 
with the amount of arsenic present. A series of standard stains 
prepared from known amounts of arsenic are used for comparison. 
A convenient series is made from 2, 5, 7.5, 10 and 15 micromilli- 
grams. The amount of arsenic in the weight of alum taken is deter- 
mined by matching the stain it produces with the standards; it is 
then a matter of simple calculation to determine the percentage ar- 
senic content or the parts per million of arsenic. A one gram sample 
will contain as many parts per million of arsenic as there are micro- 
milligrams of stain obtained. For example, if one gram of alum 
produces a stain which matches the 5 micromilligram standard stain, 
then that alum contains 5 parts per million. One part per million 


’ U.S. Dept. Agr., Bur. of Chem., Circular No. 102. 
4U.8. Dept. Agr., Bur. of Chem., Circular No. 99. 
5 J. Soc. Chem. Ind., 26, 1115 (1907). 
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is equivalent to 0.0001 of one per cent. A stain representing be- 
tween 5 and 25 micromilligrams gives the most satisfactory results. 
A stain between these limits can be obtained by varying the weight 
of alum used. 

For the analysis of alum containing more than 30 parts per mil- 
lion As,O;, another method proposed by Smith, was used. The 
generated arsine is passed into mercuric chloride solution (10 cc. of 
5 per cent HgCl. diluted to 100 ce.). According to Smith probably 
several different arsenides of mercury and some free arsenic are 
formed. These are oxidized by the excess of mercuric chloride, 
slowly in the cold and rapidly on heating, forming arsenous acid 
and mercurous chloride. The mercurous chloride can be filtered off 
and weighed and the arsenous acid in the filtrate determined by ti- 
tration with iodine. In this way checks are obtained in the one de- 
termination. The equation used for the calculation of arsenic from 
the weight of mercurous chloride obtained is: 

2AsH; + 12HgCl. + 3H.O = 12HgCl + As.O0; + 12HCl 
Thus 1As,0; is equivalent to 12HgCl. 

As an alternative the conglomerate precipitate can be titrated by 
means of iodine. Sufficient potassium iodide is added to form the 
soluble double potassium mercuric iodide and then an excess of 
standard iodine solution. When all the precipitate has gone into 
solution the excess iodine is titrated with standard thiosulphate. 
The iodine absorption represents the oxidation of arsine to arsenic 
acid in which 1As is equivalent to 8I. 

As usual all reagents used were tested to prove their freedom from 
arsenic. 


DETERMINATION OF ARSENIC 


Five grams of finely ground alum are dissolved in the generating 
flask in 30 ce. sulphuric acid (1-4) with the aid of heat. Four or 
five drops of a 40 per cent solution of stannous chloride in concen- 
trated hydrochloric acid are added and the solution cooled. Four 
or five grams of arsenic free moss zine are now added and the lead 
acetate tubes and capillary containing the sensitized strip are con- 
nected. The evolution of gas is allowed to proceed for at least one 
hour. The stain, after drying, is then compared with the standards. 
A steady, brisk but not violent evolution of gas should be maintained. 
This can be regulated by varying the acidity, volume of solution, 
amount of zinc and temperature. After a little experience very 
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uniform results can be obtained. In the determination of larger 
amounts of arsenic it is necessary to allow the evolution of gas to 
proceed for two or three hours. 

The sensitized paper is made from heavy, close-textured drafting 
paper, cut into strips 2.5 mm. by 12 cm. These strips are soaked 
for an hour in a 5 per cent alcoholic solution of mercuric bromide. 
The excess solution is squeezed off and the strips allowed to dry. 

The results from the samples obtained from the Illinois purifica- 
tion plants are given in Table I, those from outside the state in 


TABLE I 


Arsenic as As,O; in Filter Alums used in Illinois 


ARSENIC AS As:O3 


Per cent 


Charleston 

Chicago and Rogers Park 

E. St. Louis and Granite City 
Decatur 


Kenilworth 
Lawrenceville 


* Gallons of water containing a minimum medicinal dose of 2 mgm. when 
the water is treated with 6 grains of alum per gallon, provided that all the 
arsenic remains in solution. 

** Two samples from different manufacturers. 


cITY GALLONS* 
Pts. 

1. 0.00012 4283 

1. 0.00014 3671 

0. 0.00008 6425 

Rock Island Arsenal**................ a: 0.00016 3213 
Rock Island Arsenal**................ 1. 0.00010 5140 
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Table II. In all cases the arsenic is recorded as arsenic trioxide, 
As,O3. Twenty-four samples from Illinois plants and seventeen 
from sources outside the state were analyzed. 

The results obtained by analyzing alum used in Illinois clearly 
show that arsenic in exceedingly small amounts is always present in 
filter alums. We find a minimum of 0.8 part per million (0.00008 
per cent) and a maximum of 4.0 parts per million (0.0004 per cent) 
of arsenic as As,O; in the alum used by [Illinois water purification 
plants. If a water were treated with alum containing the maximum 
amount of arsenic found, at a rate of 6 grains of alum per gallon, an 
amount which is very seldom exceeded, and if all the arsenic were 
soluble and remained in the filtered water, since arsenic is not a cu- 
mulative poison, a person must drink 1285 gallons of the treated 
water at one time to obtain a medicinal dose of 2 mgms. From 
this it is readily seen that the arsenic content of filter alum used in 
Illinois is of no significance. 


TABLE II 
Arsenic in Filter Alum Obtained from Sources Outside the State of Illinois 
ARSENIC AS 
Pts. per mil. 
1 0.5 0.00005 10280.0 
2 1.2 0.00012 4283.0 
3 1.2 0.00012 4283 .0 
4 1.4 0.00014 3671.0 
5 2.6 0.00026 1977.0 
6 2.6 0.00026 1977.0 
7 4.0 0.0004 1285.0 
8 4.0 0.0004 1285.0 
9 5.0 0.0005 1028.0 
10 20.0 0.0020 257.0 
ll 27.0 0.0027 190.0 
12 31.0 0.0031 166.0 
13 49.0 0.0049 105.0 
14 280.0 0.0280 18.0 
15 941.0 0.0941 5.5 
16** 1240.0 0.124 4.0 
17 1240.0 0.124 4.0 


* Gallons of water containing a minimum medicinal dose of 2 mgm. when 
the water is treated with 6 grains of alum per gallon, provided that all the 
arsenic remains in solution. 

** Nos. 16 and 17 were obtained from the same plant and are probably from 
the same lot of alum. 
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The samples obtained from sources outside the state showed a 
wider range in arsenic content. In one case there was 0.5 part per 
million (0.00005 per cent), and in nine cases there was more than 
in the highest Illinois sample, the maximum being 1240 parts per 
million of arsenic as AsO; (0.124 per cent). 

If a water were treated with alum containing 1240 parts per mil- 
lion As,O3, at the rate of 6 grains per gallon and provided all the 
arsenic remained in solution, 0.13 part per million of arsenic as 
AsO; would be added and a medicinal dose of 2 mgm. would be con- 
tained in four gallons. This would be quite an appreciable amount 
and is more than should be added in water purification. However, 
owing to the insolubility of the arsenites and arsenates of calcium, 
magnesium, aluminium and iron, a large part of the arsenic would be 
removed with the precipitated aluminium hydrate.: To determine 
the extent of this removal, if any, several experiments were carried 
out. 

Two liters of water were treated at the rate of 6 grains per gallon 
with an alum containing 941 parts per million of As,O3. By this 
treatment 188 micromilligrams of As,O; were added. Forty micro- 
milligrams of As,O3 were recovered from the filtered water and 144 
from the sludge. Thus only 22 per cent of the arsenic remained in 
solution. 

Some water was treated at the rate of 20 grains per gallon with 
an alum containing 1240 parts per million of As,O;. Only 12 per 
cent remained in solution. 

A sample of filtered water was obtained from the filtration plant 
using this latter alum. It had been treated at the rate of 200 pounds 
of alum per million gallons or at the rate of 1.4 grains per gallon. 
From this water only 7 per cent of the arsenic originally added was 
recovered from the solution. Thus a removal of 93 per cent of the 
arsenic was effected by the purification process. 


CONCLUSION 


Filter alum used by water purification plants in Illinois does not 
contain a significant amount of arsenic. Some filter alum used 
elsewhere contains a much larger amount of arsenic, but since at 
least 75 per cent of the arsenic added in the treatment of water 
with alum is removed with the precipitated aluminium hydrate, 
there is a strong probability that in no case a sufficient quantity of 
arsenic would be added to the filtered water to have therapeutic 
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significance. However, since alum containing an_ insignificant 
amount of As,O; can be readily obtained, the manufacturers should 
make an effort to keep the arsenic content of their product at a 
minimum and water works officials should demand an article prac- 
tically free from arsenic. 

We wish to express our appreciation of the assistance rendered 
by the manufacturers and water works officials who furnished us 
samples for examination. 


DISCUSSION 


Mr. James M. Carrp: This was a very interesting paper which 
has just been presented by Dr. Bartow, and the large amount of 
data is of great value. The speaker does not like the use of the word 
alum, when really sulphate of alumina ismeant. The general pub- 
lic has an awful horror of that word alum. Bringing up the subject 
of arsenic; the medical profession is very strict about the use of any 
water supply where alum or sulphate of alumina is used for purifica- 
tion, and now to think that Dr. Bartow is using alumina which con- 
tains arsenic: why, they are likely to go up in the air a little farther. 
Within two months a letter was received from an official of a state 
department of health, in which he says he would never be convinced 
that there was not some sulphate of alumina in the filtered water, 
although tests failed to show it. Now if that is the feeling in some 
of the health departments, if they think that ther2 is arsenic too, 
what will they do about it? 

The question of contaminating drinking water by using, for its 
purification, sulphate of alumina containing arsenic has often been 
discussed, and it has invariably been found that, even if the sulphate 
of alumina used contained determinable quantities of arsenic, no 
trace of arsenic was found in the filtered water. First, because 
part or all of the arsenic is precipitated with the ferric or alumina 
hydroxide formed in the purification process and filtered off. Sec- 
ond, because the small amount of sulphate of alumina used per 
gallon of water would bring down the arsenic content in the water 
to indeterminable traces, even if no arsenic was removed by the 
purification process. The Pharmacopeia of the United States re- 
quires that a chemical to be pure may contain not over ten parts 
per million of As2Q3. 

It is permissible to refer to the Royal British Committee appointed 
to investigate the so-called ‘ Manchester beer scare” in 1901. This 
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committee gave the result of their investigations at the meeting of 
the London session of the Society of Chemical Industry in January, 
1902. Their recommendation was chiefly on the method of testing 
for minute quantities of arsenic, and the discussion following was 
more or less of a farce. One member of the committee, a medical 
man, Dr. James Edmunds, doubted whether they had reached the 
real cause of the illness and death in the Manchester epidemic. He 
had been in the habit of prescribing arsenic and giving two or three 
milligrams per dose three times a day for a good many weeks, and 
had never known a case of arsenical neuritis to result. Most of the 
cases were proved to be alcoholic neuritis, not arsenical neuritis. 
One of the patients, who was confined to bed for three months with 
what was supposed to be arsenical neuritis, had been a total abstainer 
all his life, so that beer could hardly be blamed for his case. In 
short it has never been positively proven that the arsenic found in 
Manchester beer was the cause of the epidemic of neuritis in Man- 
chester. Presumably that is why it is known as the ‘‘ Manchester 
beer scare.” 

Arsenic is found so frequently everywhere in nature that it is im- 
possible that natural water should not contain more arsenic than 
would ever be put in by using sulphate of alumina for its purification. 
All clays, ochres, iron ores, etc., contain arsenic, and all the waters 
from the most famous mineral springs, where people go for their 
health, contain arsenic in considerable quantities. Vichy, two parts 
per million; Carlsbad, varying from determinable traces to twenty- 
five parts per million. The late Sir Edward Franklin positively 
found arsenic in the atmosphere of London. Arsenic is found in 
the waters of the Rhine, Nile and in the Delaware river; in many 
vegetables, such as lettuce, beets, etc., but this must be considered 
dangerous ground, as all the acid phosphates used as manure con- 
tain large quantities of arsenic. 


Mr. CuariEs A. JENNINGS: The speaker had a practical appli- 
cation of this paper by Dr. Bartow, just a very short time ago. 
One of the packing firms in Chicago had a shipment of alum turned 
down by the government because it contained 125 p.p.m. of As2Os. 
As a result they were willing to sell that alum for about 15 cents 
per hundred pounds less than the regular price we were paying for 
alum. 
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Mr. James M. Carp: A case in the speaker’s own family might _ ) 
be of interest; in this instance “‘arsenora” a compound of arsenic 
and gold has been used for the past fifteen years. The dose reaches, 
at times, as high as sixty drops per day before producing any trouble . 
to the eyes. 
Dr. Epwarp Barrow: We did analyze the water that had been 
treated with the alum containing arsenic, and actually found about 
nine per cent of the arsenic remaining in the filtered water. That 
was an actual test that we made. 
Mr. James M. Carrp: Did you try the raw water too, and could 
not find any there? Z 
Dr. Epwarp Bartow: There was no arsenic in the raw water. 
Mr. A. Extiorr Kimsperzey: Are there any cases on record sug- 
gesting arsenical poison through water? a 
Dr. Epwarp Bartow: Not to the author’s knowledge. 
Mr. Puiuip Buresss: Is there any germicidal action of the ar- 
senic? 
Mr. Witson Monrort: Regarding that, the speaker has been 
watching with a good deal of interest the development of a mold in 
a tenth normal alkaline arsenious acid solution for some time, so | 
arsenic is not necessarily fatal to vegetable organisms. : 


METHODS OF WASHING SLOW SAND FILTERS 


By Joun Gaus! 


In late years various processes for cleaning the sand of a filter bed 
have been advanced; some partly destroying and others extermi- 
nating the filter film on the bed. These ideas have in some cases 
caused trouble and in others only repair. There is no doubt that 
the rough treatment of the sand surface, a penetration of organic 
matter and filth into the bed cause deep clogging, which prevents the 
yield of water, and causes the beds to become inefficient. 

Attempts to reduce the work of cleaning filters are commendable, 
because scraping, sand handling and raking are the items of greatest 
expense in slow-sand filter maintenance; hence it is the endeavor of 
the writer to show what attempts along this line have been made, 
both from an economical and efficient standpoint. 

In this country it is bad economy to discard the sand scraped from 
the filters, for the expense attached to the preparation of new sand 
is very high, since it must be washed free from clay and screened 
before it is ready to be placed in the filter. Yet in Osaka, Japan, 
the sand is dredged from the Yodo river opposite the water works, 
and made suitable for the beds and placed therein for about 65 cents 
per cubic yard, a figure so low that no attempt is made to recover 
by washing the sand scraped from the filters. 

In handling the sand for slow sand filters several methods have 
been tried, each giving results at a small cost in some places, while 
in others the contrary is true. The writer, therefore, compiled 
tables from plants using these methods, together with their costs. 
However, before delving into the methods as practiced at the various 
plants, a brief description of the methods commonly used will not 
be out of place. 


THE BROOKLYN METHOD 


This method was first used in 1905 at the Hempstead filters, at 
Rockville Center, Long Island, and consists in lowering the water to 
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a few inches in depth above the surface of the sand on the filter. 
Unfiltered water is taken from an adjacent filter in service and run 
in a stream over the bed to the outlet drain, a depth of about 1 inch 
of flowing water being maintained over the section to be cleaned. 
Men in boots agitate the surface of the sand with long-toothed gar- 
den rakes, thus stirring the dirt from the sand and having it carried 
away to the drain. The filter is generally cleaned in sections by cut- 
ting off the part undergoing cleaning from the rest of the filter by 
boards set on edge and driven down into the sand, forming a minia- 
ture flume with board sides. After cleaning, the boards are removed 
to a new position. When the filter is clean, filtration is resumed. 
This method is somewhat costly, in that about 1 per cent of wash 
water is used. In cases of emergency it has given good results. At 
Philadelphia, it is reported that with 14 men and a foreman a three- 
quarter acre bed can be cleaned in eight hours and that such a bed 
will be out about nineteen hours a month. 


SAND WASHING MACHINES 


These machines are recent additions to the washing apparatus used 
in slow sand filters. They began their existence about 1909 when 


the Washington plant adopted the “ejector washer” system. Pre- 
vious to this time the dirty sand, after being scraped, was shoveled 
into portable ejectors on the beds, to be thence forced by water pres- 
sure through pipes to stationary sand washers. After being washed, 
the sand was discharged into storage bins, from which carts driven 
underneath may be loaded, and the sand carried to the filter and 


placed. 


THE BLAISDELL MACHINE 


This machine may be described as a traveling crane spanning a 
filter unit and supporting a watertight rectangular chamber contain- 
ing the machinery necessary, and provided with means for lowering 
this chamber to the sand surface and traveling over the filter while 
the process of washing is in progress. The chamber wherein the 
washing takes place may be raised so as to clear the rim of the filter 
and thereby remove the machine to another filter. 

About 2 inches above the sand or bottom of the sand chamber 
there is a plate or diaphragm dividing the washing chamber into two 
compartments placed above each other; the lower, used as a suction 
chamber from which the dirty wash water is withdrawn, contains 
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stirrer wheels mounted on vertical shafts; the upper contains the 
driving mechanism for the stirrer wheels and also the pressure and 
suction pumps. 

From the stirrer wheels, in the lower chamber, supported on verti- 
cal shafts above the sand, numerous teeth project into the sand to 
any desired depth. The teeth are hollow and perforated in order to 
create a water jet action from the supply delivered by the pressure 
pump. The water for the pump is taken from the water on the fil- 
ter, while at the same time a suction pump joined to the top cham- 
ber withdraws not only all the water the pressure pumps supply 
through the perforated teeth, but also an additional amount from 
the filtered water in the sand. In operation, the teeth scour the 
sand, while the wash water by its jet action drives the dirt into the 
suction chamber and the clear water stored in the filter bed is drawn 
into the washing zone by the excess suction over the pressure supply, 
and the wash water is pumped from the supply before the machine 
passes a given point. The chamber is placed close to the surface of 
the sand by shoes extending in advance and to the rear of the front 
end back plate, while the side plates cut down into the filter sand. 

The pressure water rises through the disturbed sand zone and is 
displaced by the inrush of clear water, the upward current of which 
occurs well toward the center of disturbance created by the teeth 
and covered by the suction chamber. The sand is forced apart by 
the teeth, and as they return the strong upward current of wash 
water causes a temporary suspension and churning action within the 
suction chamber. During this time the dirt and light particles are 
brought to the surface and withdrawn with the wash water. The 
sand in suspension settles after the violent upcast subsides, so that 
when the sand comes to rest it is uniformly water packed and free 
from air. The wash water from the machine is discharged to a gut- 
ter formed generally in the party wall between filter units. The 
wash water may be so controlled that sizing may be done by working 
all very fine sand to the surface and removing that which is too fine 
from the filter. This sizing is done by increasing the duty of the 
pressure and suction pumps so as to secure a downward velocity by 
which to hold the sand in suspension. 

All of the operations of this machine are controlled by separate 
motors which are operated from a platform. Generally there are 
six motors mounted on the machine with variable speed controllers, 
With this machine it is possible to wash a bed of an acre in about 
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twelve hours, and in about fifteen hqurs the bed can be in service, 
allowing three hours for closing valves, etc. 


THE NICHOLS WASHER 


This machine has been in use since 1910. It enables the operator 
to wash the sand on the filter without removing it from the bed, 
thereby saving not only in wash water, but also in labor, ete.; in other 
words the total saving being about 35 per cent of what it would cost 
to use the old method of scraping, removing, washing and replacing 
the sand. Briefly, the machine consists of an inverted cylinder in- 
side a closed jacket. The dirty sand is fed into ejectors in the usual 
way, and the wash water with the sand and dirt passes through the 
machine. The water strikes the side of the cylinder, and the sand 
being heavy drops to the bottom and passes through a nozzle on to 
the filter. About 2 per cent of fine sand passes out with the water 
and dirt to the court where it generally settles while the débris goes 
to the sewer. It has been shown at some places that it is possible 
to clean 10 cubic yards per hour using 1200 gallons of water per 
cubic yard, whereas by the old method 2800 gallons of water were 


used. Again, at some places this machine has been modified, in 
that several sprays of water play on the sand within the machine; 
also more baffles have been added, thus causing a better wash for 
the sand. 


METHODS OF WASHING SAND AT DIFFERENT PLANTS 
Washington, D. C. 


Until 1909 the filters were scraped and the sand piled, and then 
removed by ejector and one or more lengths of hose to the sand 
washers. After the sand was washed, it was discharged into stor- 
age bins from which carts were loaded and the sand brought to the 
desired place on top of the bed, and there dumped and spread evenly. 
After 1909 the hydraulic method of replacing was used, whereby an 
ejector is placed underneath the outlet gate in the storage bin, and 
the sand is carried in a reverse direction from the bin through piping 
and one or more lengths of hose to the bed. This process has de- 
creased the cost of resanding and has proved very satisfactory in 
every way. This method has been used or tried in several places 
with more or less good results. At Washington the filters are re- 
sanded as follows: the filters are filled with water to the desired depth 
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of the sand layer. The outlet end of the hose is joined to a 3 inch 
pipe supported on a boat, and the sand is discharged through the 
pipe at the point required. Generally. work is begun at the far 
end of the filter, and is gradually filled by swinging the boat from side 
to side and backing it by degrees to the front end. By this method 
the sand has no tendency to separate into different sizes, if the dis- 
charge has a slope of about 40 to 45 degrees from the horizontal. 
By this position of the discharge pipe the old surface of the sand is 
cut and moved ahead with the new sand, thus breaking up the pos- 
sibility of forming a mud layer between the old and new layers. 
The following is the average cost of scraping, ejecting, washing, 
transporting, replacing and raking. 


SCRAPING 


RAKING 


Per cu. yd. 


Per M. G. 


Per acre 


Per cu. yd. 


Per M. G. 


0.096 


$0.07 


$16.08 


$0 .042 


$0.03 


EJECTING, WASHING AND TRANSPORTING 


REPLACING 


168 


28 .32 


.08 


.06 


Sand Ejectors. 


The movable ejector is novel for two reasons: (a) 


The water for making the sand into suspension is brought up from 
the bottom and rises as the sand is shoveled into it, thus producing 


a mixture having more sand in proportion to water. (b) The dis- 
charge ends of the ejector are made like the discharge end of a Ven- 
turi meter, with a flat batter. The economy herein lies in the fact 
that use is made of the velocity head in the throat, which is lost with 
the batter made in the usual way. For a more detailed description 
of these ejectors and the tests whereby they were tested, the reader 
is referred to Vol. 57, 1906, of the Transaciions of the Ameri- 
can Society of Civil Engineers. 

Sand Washers. The sand washer used here differs from the usual 
type of washer, in that the mixed sand and water fall into the hop- 
per. From the hopper there is a free opening to a chamber formed 
by a globe casting. A second jet of water enters this chamber near 
the bottom, and is carried into the throat of the ejector with the 
sand as it leaves the hopper. The sand settles through the water 
into the chamber and is separated from all dirty water which came 
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with it. The hopper usually used dilutes the dirty water in 
the sand, but the one devised at Washington makes a complete 


separation. 
Toronto, Canada 


Sand is washed by a portable washer. After being scraped in 
piles it is put into an ejector box from which it is carried to the 
washer. In the washer it passses through sprays of clear water, 
and by the action of baffles, falls to the bottom, where a strong 
spray drives it out through a hose, which distributes the clean sand 
on the filter. The wash water used is about } per cent of the net 
yield of the filter. The wash water passes up tothe top of the washer, 
then down to a 3-inch drain which connects with a 36-inch drain. 
The cost per cubic yard of sand, washed and replaced, including 
washer pump, handling sand, repairs, ete., is about $0.61. 


Denver, Colorado 


The sand is conveyed from the filters to the washer through an 
ejector and sand line of hose at a pressure of about 150 pounds. In 
this plant the ejector method of replacing was tried, but owing to 
stratification, was abandoned. The cause of stratification probably 
was a too high uniformity coefficient of the sand as it left the washer. 
The sand is replaced from dump ears, the cars being loaded by hand, 
hauled to the side of the bed by horse power, dumped, reloaded into 
side dump cars, pushed by hand to the place desired, dumped and 
spread. This is very costly, but owing to the thoroughness of mix- 
ing, it appears to be the best in the end. The total cost per cubic 
yard for cleaning and washing the sand on a bed is about $0.73. 


New Haven, Connecticut 


Here the water is drawn off and the sand piled, and wheeled to 
the hopper and carried to the washer by hydraulic means. From the 
washer the sand goes to a receiver in the bed having the lowest depth 
of sand, in which it is spread around and allowed to accumulate until 
the maximum depth of 40 inches is reached, when the apparatus is 
put into the next bed having the least depth. By this process about 
5 cubic yards per hour can be washed, using about fifteen volumes 
of water to one of sand. The cost of cleaning per acre is about 
$75 not including the cost of water. About 60 cubic yards of 
sand are removed per cleaning, making the cost per cubic yard about 


$0.43, 
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Albany, New York 


Up to 1910 the sand was washed and handled by the ejector 
method, but replaced by hand. In 1910 the Nichols machine was 
introduced and the cost of cleaning and replacing was reduced 44 
per cent. However, there has been some trouble with the beds in 
this plant due to the formation of two filter-films caused by putting 
the new sand on the beds after forking the sand that remained 
there. The procedure of forking at the junction of ejected sand 
caused this film to increase until the turbidity of the sand ran 3-5000 
and the output of the eight beds fell to 10 million gallons per day. 
However, the cost since 1910 to 1914 and 1899 to 1900 is as follows: 


July 1899-1900 


In 1910 a comparison was made between the Nichols machine 
and the box-sand washer with the following results: 


Cost per cubic yard by box-sand washer..................... $0. 409 
Cost per cubic yard by Nichols...................0.-.eeeeee . 226 


Since 1912 and including 1914, the following is an average cost 


per million gallons. 


Reforking beds 


The sand is ejected to a set of three hoppers outside the bed. 
The sand from the last hopper is ejected to a large box having a 
weir which holds back the sand and permits an overflow of waste 
water. The sand is then shovelled out from the box down one of 
the ventilation holes for distribution on the bed. The cost per 
cubic yard is about 25 cents. It is claimed at this plant that the 
wheeling of the sand to the desired place and casting insures proper 
mixing, while the use of water pressure causes stratification due to 
the uniformity coefficient of the sand. 
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Scraping $0.25 7 
Washing .59 
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Pittsburgh, Pennsylvania 


This plant has tried scraping, raking and washing machines. 
However, it appears that they are somewhat expensive, since the last 
four years, 1911-14, the hydraulic method was used and adopted. 
In the reports this method is known as the ‘Washington Method.” 
The following summary gives an idea of the average cost. 


SCRAPING EJECTING 
Per cu. yd. Per M. G. Per acre Per cu. yd. Per M. G. 
$0.175 $0.314 $25.42 $0. 254 $0.450 
RAKING RESTORING SAND 
Per cu. yd. Per M. G. Per acre Per cu. yd. Per M. G. 
$0.061 $0.064 $8.90 $0.087 $0. 147 
WASHING AND TRANSPORTING 
.120 .213 17.52 


Philadelphia, Pennsylvania 


At Torresdale, the sand washing pumps had not been installed at 
the time of starting the plant, so another method of washing was 
resorted to, viz: the Brooklyn, as described above. This method 
was used until March, 1908, with little success, due to the sediment, 
organic matter, and micro-organisms forming a paste-like layer ex- 
tending about 4 inches in depth. The consistency of the filter film 
was so at times that it could be removed in cakes. The runs were 
short and after about 100 million gallons had been filtered spading 
was tried in order to get the water through the filters. By this proc- 
ess, the surface of the filter was gone over with a spade and thrust 
down to a depth of 8 inches, and worked back and forth to break the 
layer. This caused an increased drop in efficiency with little assist- 
ance in length of runs. Next, the piling method whereby the sand 
is piled, waiting to be washed at some future time, was adopted, and 
it gave good results. 

About 1909 Mr. Nichols designed a machine which today is used 
very much, by which it is possible to save 25 cents per cubic yard 
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in sand handling. The advantage of this machine is that the thick- 
ness of the filter is not reduced while the danger of breaking through 
is decreased, and the efficiency not affected by the change in the 
rate of each filter. At this plant raking is practiced to the extent 
of two or three times per scraping. The following is a summary of 
the costs of the various methods used at Philadelphia: 


REMOVAL BROOKLYN 


Per cu. yd. Per M. G. Per M. G. Per cu. yd. 


$0.43 $1.68 


41 


Springfield, Massachusetts 


The methods used here are practically similar to those used at 
Washington, D.C. The following is a summary of the costs: 


Wilmington, Delaware 


At this plant a very good example of the Blaisdell machine is 
seen. The machine is used for raking and washing the sand on the 
beds. It was expected that’ the cost of sand washing, etc., would not 
be greater than one dollar per million gallons. However, since the 
plant requires intelligent superintendence at all times, and skilled 
mechanics for operating the washing machine, and notwithstanding 
that the machine is idle about 70 per cent of the available working 
time, the cost has been a little over the expected cost. The follow- 
ing summary gives an idea of the requirements of the machine to- 


gether with the costs. 
Average kw. per bed................. 115 


The total cost per million gallons is an approximate sum, but the 
other figures are averages for the years 1911-14. 


RESANDING 
Per M. G. 
$1.46 $0.26 
NICHOLS RAKING SPADING 
1.22 | = .12 .38 | 

M.G. 

Cleaning $0.36 
Recandinf | 
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YIELDS 


Having considered the methods for washing the sand of the vari- 
ous slow sand filters, it now becomes our duty to consider the differ- 
ent methods as to yields. 


Philadelphia, Pa. (Torresdale) 


1907-12 (sUMMARY) 


Yield, million gallons 


Brooklyn 
Removal 


min. 
4 
10 
30 
3 
17 
17 
3 
ll 


= 


Washington, D. C. 


AV. NUMBER OF DURATION IN DAYS AV. MILLION GALLONS 


RUNS ENDING 


FILTERED 


1910-14 


143.4 66 


170.13 


Rake Scrape Scrape 


Scrape 


84.2 56 68.5 


Springfield, Mass. 


22 44 48 
26 40 .| 4 


Wilmington, Del. 


YIELD PER WASH 
DAYS OPERATED 


PER WASH 


1911-12 
1912-13 
1913-14 


13. 


20. 
23. 


610 
P| Days run 
max. av. rate maz. m av. 
74} 105 27 
150 | 4.4] 148] 1 45 
85 | 4.7 75 24 
52} 4.6 31 15 
35 | 2.6 19 18 
(Av.) 
1905-10 
Rake | Total 
| 75.5 119.87 | 150.24 | 270.11 
1913 23 79.08 | 98.29 | 177.37 
1914 24 77.15 | 84.64 | 161.79 
YIELD PER RUN 
PER CENT TIME 
M. G. M. G. 
2.10 14.127 24.372 
3.0 a: 9.817 39.877 
2.3 8 7.133 45.648 
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From these tables it will be seen that each method has its advan- 
tages and disadvantages. The Blaisdell machine is very economical 
in that the time in which a filter is out is practically at a minimum; 
however, the days in which the filter is operated after the wash are 
somewhat at a minimum also. As for total yields the processes as 
practiced at Washington and Torresdale appear to show up better. 
However, from a standpoint of duration in days the Washington 
methods are the best and cheapest. 


CONCLUSIONS 


From the experiences at the various plants cited it is seen that 
much improvement in sand handling has been in progress, especially 
in building machines. 

The cost of cleaning a filter by machine has not been reduced be- 
low that for cleaning and replacing sand by the improved hydraulic 
processes. 

The uniformity coefficient of the sand is an important factor to 
consider when hydraulic processes are used. 

The hydraulic processes as practiced at Washington and Spring- 
field are the cheapest and most economical. 
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ASSESSING COSTS OF EXTENSIONS IN A MUNICIPALLY 
OWNED PLANT 


By D. A. Reep! 


It has been generally conceded that certain civic improvements 
or conveniences constructed or furnished by a municipality may 
not be wholly paid for by general taxation, but may be assessed as 
special benefits against abutting property. This assessment may 
cover the costs in whole, or in part, but the principle is recognized 
that a local improvement of any nature must of necessity carry with 
it some direct benefit to the abutting property. It is also true that 
no improvement can be made without some benefit to the munici- 
pality at large. With improvements of this nature we may properly 
class sewers, street improvements of all kinds, water works, gas 
plants, and possibly other utilities. 

An improvement of any kind which is largely local in nature, that 
is, which from the nature of its construction is largely an accommoda- 
tion to the abutting property only, is found in lateral sewers and 
water mains of minimum capacities supplying or serving local prop- 
erties only, and which do not provide capacities in excess of local 
requirements, and which are not indispensable for serving more dis- 
tant territory. 

Street improvements, including pavements, curbs, gutters and cul- 
verts, trunk sewers and the larger sizes of mains in the distribution 
of a water or gas supply, serve to accommodate a less restricted area 
and cannot be considered as strictly local in their nature. A pave- 
ment for instance, on one street alone, might well be considered as 
a benefit to some extent of all the property within the city limits or 
even outside of the city limits, although its greatest benefit would 
be to the property adjacent, a sewer, however, might be entirely 
local so far as its benefits are concerned and be of no value whatever 
to any other property. 

The logical method for assessing the cost of any improvement, the 
product of any utility, or the benefits from any service rendered, is 
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upon the interests directly benefited. In private business where 
one interest often benefits largely from the enterprise of another, 
there is no practicable method of applying this rule unless they are 
customers or purchasers of the products of that utility, and even 
then the costs are often disproportionate to the service rendered on 
account of the escape of such interests from the contribution as do 
not purchase directly the products of that enterprise. 

A city owned utility usually has the power to assess certain bene- 
fits, whether the party interested chooses to be a consumer or not. 
Applying this fact to sewers and water mains the proper method 
would be to assess the costs of construction, or in other words, the 
capital investment, against the property that it is possible to serve. 
The costs of operation, however, should be levied against the par- 
ties purchasing the output or using the service. 

Sewers, after they have been constructed and the costs having 
been met by all the property owners served, regardless of whether 
they are connected or not, should be operated at the expense of 
those only who use or are connected with it. The operating costs, 
however, are relatively small and are not usually assessed but are 
paid out of the general fund supported by general taxation. In a 
street improvement it would be manifestly impracticable to assess 
costs of operation against those served or who use the utility; in a 
manner, however, this is accomplished by means of a wheelage tax, 
the receipts of which are applied to operating expenses. 

In the case of a municipal water supply, these matters seem to be 
much easier of solution and it seems quite practicable to assess costs 
of construction directly upon the property susceptible of being 
served, and to assess the operating costs directly upon the custom- 
ers or patrons of the utility, in proportion to the quantity of water 
consumed. This condition it must be observed is not met entirely 
by a rate charged upon a demand and output basis such as is in 
effect in New Orleans, for the reason that the demand charge does not 
extend to vacant property. 

To those who believe that vacant property should not escape taxa- 
tion for any improvement that directly enhances its value, this fact 
will appeal. It would also seem to be a fair check or restraint upon 
interests that invest in idle property with a view of gain which re- 
sults largely from the activities of others and in which its existence 
directly increases the cost of every utility that passes the premises. 

It is assumed that a municipal water plant should be self-sustain- 
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ing in every sense of the word. It should neither give nor receive 
any benefit or consideration of any kind from the taxpayer, the city 
or the individual. 

A water main in which the size is in excess of the minimum may 
be classified as serving two purposes, the service to the property di- 
rectly abutting and the service to properties located more distantly 
from the source of supply. In the first instance, for the purpose 
of this discussion, a 6-inch service may be considered as sufficient, 
and for all sizes in excess of 6 inches, for the additional service to those 
more distant. Assessments against abutting property for the 6-inch 
main are easily applied. For costs of mains in excess of this size 
the only practicable way appears to consider the additional cost as 
a part of the general distribution system, the expense of which has 
to be absorbed by the utility and included in the consumers’ rates 
chargeable as operating costs. The direct assessment to the abut- 
ting property for the 6-inch main, this size being used as a matter 
of convenience, may be assessed against the abutting property by 
means of either of two methods. First, in the total, on the com- 
pletion of the work, which is paid by one assessment. Second, the 
principal being furnished from the funds of the utility a percentage 
may be assessed annually against the property to cover interest 
and sinking fund upon the investment. After a term of years the 
percentage assessment will have returned enough money to the 
utility to cover the principal as well as interest upon the investment. 
Ordinarily the vacant property thus assessed should continue to 
pay the assessment for the full term of years necessary to wipe out 
the original costs. Improved property, using water and paying for 
it upon meter rates would be entitled to some credit or rebate on 
account of these rates, especially if the rates are based upon capital 
investment expense as well as operating costs upon the entire plant. 
Assuming for the purpose of illustration that one-half of the water 
rates are to cover interest and sinking fund expense, and that the 
balance is to cover operating costs including depreciation, it will be 
found necessary to credit one-half of the customer’s water rates 
against his assessment. This credit will ordinarily retire the annual 
percentage assessment upon improved property, unless the cost of 
constructing the extension was large and the consumer’s consump- 
tion was low. If his consumption is considerably more than neces- 
sary to wipe out his individual assessment, the surplus, of course, 
should be applied pro rata to lessen the tax upon the vacant prop- 
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erty. It is quite possible for the consumption on an extension to 
increase to such an extent that the overplus of credits will be suf- 
ficient to retire all the assessment against the vacant property upon 
that particular extension, in which case, having reached that point, 
all assessments should be discontinued as the customers are carry- 
ing the entire expense of the extension, including capital investment 
as well as operating costs. This even may be accomplished at the 
end of one year or two years or possibly ten or fifteen years, depend- 
ing upon the rate of the percentage assessment against the property, 
the interest and sinking fund factor in the rates charged for the 
water, and the amount of the consumption upon the extension. 

It is also quite possible an extension may be made where there is 
no consumption for the first year. In this case all the property pays 
the percentage assessment with no credits and the utility receives the 
exact amount necessary to pay interest and sinking fund charges. 

The method employed at Duluth, Minnesota, in which a gas utility 
is also operated in connection with the water system, the pipes be- 
ing laid in the same trench, has been to assess annually against the 
abutting property, 8 per cent of the total cost of each extension as 
represented by a 4-inch gas and a 6-inch water main, it having been 
established that sizes in excess of these dimensions would be more or 
less of a general benefit to all customers and property and for the 
strengthening of the system to benefit other customers outside of 
those served by that particular extension. The proportion of charges 
against the abutting property has been based upon 5 per cent for 
interest ard 3 per cent for sinking fund assessed annually for a period 
of fifteen years, 3 per cent contribution to a 4 per cent sinking fund 
however will not retire the principal short of 22 years, but for vari- 
ous reasons it has been considered advisable to limit the duration of 
annual assessments to a fifteen-year term. A special discount of 
25 per cent is allowed to those paying the total amount in one pay- 
ment. These assessments are made according to the frontage of the 
lot, without reference to its depth. However, the frontage of the 
lot is not considered necessarily as being the side abutting the street 
upon which the extension is made. It may lie parallel to the mains 
and front on another street. It is assessed the same as other lots 
of the same frontage dimension. Subsequently if mains are laid in 
front of the short side no assessment is made therefor on this par- 
ticular lot, which can of course, receive no benefit from a second ex- 
tension. Against this assessment is credited one-half of the water 


616 D. A. REED 


and one-third of the gas rates paid by the occupant of the premises, 
it being estimated that these proportions are necessary factors in a 
rate that will yield the proper amount of revenues for maintaining 
and operating the plant. 

The principles and results involved in the methods as outlined 
above seem to be as follows: 

1. All charges whether of installation or of operation against prop- 
erty or a customer are based upon actual cost. 

2. Costs of distributing systems are ordinarily borne by abutting 
property except when the consumption is sufficiently large to assume 
the whole or part of this expense when the charge is gradually trans- 
ferred to the customer. 

3. The customer bears operating costs and such installation 
charges as cover reservoirs, pumping machinery, stations, intakes 
and the larger distributing mains. 

4. As the municipal plant increases in size and in the amount of 
its revenues, its percentage of indebtedness will gradually decrease, 
the proportion of interest and sinking fund in the rates charged for 
water will decrease until eventually, when no indebtedness exists, 
this factor will become zero and there will be no credits against the 
assessments. They will have to be met in full cash payments or 
the consumer may discount the entire amount of his individual as- 
sessment by paying cash, taking advantage of the 25 per cent dis- 
count. 

5. The percentage plan enables the small property owner who is 
a consumer to obtain extensions on very easy terms, with practically 
no additional expense over and above the regular water rates. 

6. It seems to be a practicable way for real estate owners to se- 
cure extensions of gas and water service in newly platted additions 
without throwing any of the burden upon the utility or its customers. 

7. It furnishes a profitable investment at 8 per cent net for the 
sinking funds of the department until the time arrives when it 
will be needed to retire bonds, at which time, if the money or any 
portion of it cannot be withdrawn, refunding bonds or new bonds 
in whole or in part may be issued. Eventually, if therates for serv- 
ice have been correctly established, the time will be reached when 
its entire indebtedness will be retired. This will be true if depre- 
ciation and maintenance have been provided for in the operating 
expenses as well as interest and sinking fund on the indebtedness. 
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DISCUSSION 


Mr. Wirt J. Wits: The speaker does not suppose there can be 
any absolute rules for these kinds of extensions and probably it 
might be well for some of us to tell how it is done in our own towns. 

In Memphis, Tennessee, a municipally owned plant, the water 
board, laid one hundred foot extensions to the houses. Should a 
subdivision be opened up without any houses on it, the owners of 
the subdivision have to take advantage of what we call the “water- 
note plan,” which is a note made up like any other note only it says, 
“payable in rentals from water without interest so many dollars;”’ 
for instance, the man that gives this note advances the money and 
all of the revenues out of that line are credited up to him until all 
the money that the main cost has been returned to him. In that 
way probably 40 per cent of the resident district of Memphis has 
had mains put in and a great many of them are already paid for. 
Some of them are not quite paid up yet. Of course when it comes 
under construction the man that advances the money takes all the 
burden of the scheme. If we put down a main for a man for a sub- 
division and it is not developed properly and is perhaps sold for a 
brick-yard, all the burden then comes on him if it is not a success. 


Mr. Joun M. Diven: Does that apply only to new development, 
or to all extensions? 


Mr. Wirt J. Wits: You know that Memphis is about all ex- 
tended except newly annexed territory out in different places. One 
street was opened up by one of the water commissioners, in the 
heart of the residence section, and he had to put up fourteen hun- 
dred and sixty dollars just the same as if he had been any other 
man; but, except in new territory, there is very little in the suburbs 
that is not annexed. We find it comparatively satisfactory, people 
get their money entirely back and it is satisfactory to us. 


Mr. J. M. Driven: That money comes out of the revenue; it is 
never capitalized? 


Mr. Wirt J. Wits: It is simply treated as an advancement of 
the money, or bills payable. 


Mz. J. M. Drven: It does not appear in your capital account? 
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Mr. Wirt J. Wiis: The money advanced is credited to a sepa- 
rate account known as “water note account’ (or bills payable). 
The main laid is charged to construction the same as all other mains 
laid are charged. 

Twice a year the amount paid for the use of water from said main 
is returned to the party who advanced it, and charged to “water 
note account.”” This money is paid out of a fund derived from the 
sale of bonds, the same as all construction is. 

However, the legal advice on the subject is, in this state, when 
a water company or municipality makes enough money to pay its 
interest, to create a sinking fund, pay all its expenses, and the price 
of water is equitable, any other moneys earned “can be used for 
construction if necessary.” 

In this scheme, the man who wants the main at once, simply ad- 
vances the money without interest, and it is returned to him ac- 
cording to the main’s earning capacity. 


Mr. Joun M. Driven: If all of your construction and extensions 
were provided for in that way you would have no capital account 


for the distribution system, and no interest on that part of the con- 
struction would appear in the operation cost of the works. 


Mr. ALEXANDER MILNE: The suggestion of the Secretary is per- 
haps comparable to the method adopted by a careful individual as 
to his own house and lot. A municipaliy owned water works is 
simply a collective individual interest and if it were necessary to 
expend any sum within the ability of the finances for renewals or 
extensions, and it could be done from ‘“‘savings’” from revenue ac- 
count without further bonding or mortgaging the “collective” prop- 
erty, the effect would be equally good financing as if done by the 
individual on his own. This practice has been followed in the St. 
Catharines plant whenever possible; from 1905 to 1912 the savings 
having been sufficient to finance from time to time the construction 
of over twelve miles of distribution mains and some 2000 new serv- 
ices, the commission deeming it better financial policy not to re- 
duce the rates because they had a surplus revenue for the time be- 
ing, as our rates are low compared with other cities of our class, 
but rather to accumulate a reserve for any emergency or such ex- 
tensions when required, all of such work being charged up to capital 
account, and increasing the assets on the balance sheet. 
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The principle is one, however, that has to be governed largely by 
local conditions of finance, rates, and laws governing the manage- 
ment of such utilities. 


Mr. A. A. RemmerR: The paper presented by Mr. Reed impressed 
the speaker as being well worthy of study, and he was sorry it had 
not been presented in time to be printed in the March Proceedings, 
so that we could have studied it more; such a paper requires consid- 
erable thought. Our principal object in speaking at this time is to 
ask if we cannot have copies of that prepared and sent to those at 
least who have taken part in the discussion today, so that we can 
extend our discussions along other lines, if that is practicable. 


Mr. J. M. Diven: Under our present system of publication, the 
papers after being published are still subject to discussion, the dis- 
cussion to be printed in a subsequent issue of the JouRNAL. That is 
one of the advantages of the present system as compared with the 
old. 


Mr. A. A. Remmer: The speaker will be glad to study the paper 
more carefully. The remarks made by Mr. Wills show that other 
places are using modifications of the general scheme after taking the 
money from the property owners temporarily. Now we had that 
plan to some extent, but never pushed it very much. We made a 
modification, however, that any person wishing an extension in a 
newly developed property, or a property that was on the map to 
be developed, would have to guarantee us a certain revenue. We 
were willing to pay the money for the work and capitalize it, of 
course, but we wanted to see a guarantee of a certain revenue that 
would meet a given percentage of the cost before we were willing to 
go ahead with the work. The result of that has been to prevent a 
great many wildcat’ schemes, and today an operator who wants to 
develop truck land counts his cost before he goes into it instead of 
having the city pay all the bills. 


Mr. WILxIAM LuscomBE: Will Mr. Reimer be more specific as to 
what that given percentage is? 


Mr. A. A. Remer: In our case we call for 10 per cent of the guar- 
anteed revenue. Then, if the promoter does not build a house along 
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that main and we get no water revenue, we are sure of at least 10 
per cent on the cost. If he does not build any houses, he has to 
pay us 10 per cent anyhow. 


Mr. Tueopore A. LeIsen: The speaker has not anything special 
to say except that it might be interesting to state another instance 
of how such assessments ave made. In Detroit for some years past 
the policy has been to make extensions wherever buildings are going 
up, on what is termed a “‘bonus”’ plan, the estimated cost of the pipe 
line being figured out, a bonus of 15 per cent per annum is charged, 
being supposed to be based on 5 per cent interest on the investment 
for three years, with the expectation that at the end of three years 
there will be enough built-up property to make it a paying proposi- 
tion. The consumer is credited with whatever revenue may be de- 
rived from the water supply that is provided for the property at the 
time the main is laid, and the revenue so credited is deducted from 
the 15 per cent, the difference being the bonus which he has to pay. 


PRESIDENT Earu: Your chairman was very much interested in 
this paper. Its statement indicating that the New Orleans water 
rates make no provision for vacant or unimproved property or 
other interests which are benefited by the water supply, but do not 
use water to participate in a fair proportion of payment for the 
benefits which they receive, is in error. The New Orleans rate, and 
the advocacy of the speaker’s paper on water rates, tend very strongly 
toward a full participation by the taxpayer, as a taxpayer, for all 
of the benefits which he receives as a taxpayer. This is the very 
essence of a fair water rate for rate payers, because if any interest 
which is benefited escapes its fair share of payment, it is inevitable 
that some other interests or persons must pay an unfairly large pro- 
portion to cover the deficit. 

There are so many conditions of law under which water works proj- 
ects have to be financed, that it is a difficult problem to work out 
a fair distribution of costs and system of reimbursements to cover 
costs of extension, and also to arrive at a fair division of water rates, 
and still comply with existing legal restrictions. 

Mr. Reed’s paper advocates a plan for proportioning the cost of 
water works extensions, and arranging reimbursements, which ap- 
pears to be equitable, under those conditions of law governing the 
financing of extensions which will permit of its adoption. This plan 
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relieves the water works from carrying unproductive property in 
extensions until they become reasonably productive, and places the 
burden of widely scattered extensions in sparsely built areas upon 
those who are benefited by them until the water consumption 
reaches a stage where the extension is fully warranted. 

These are matters in which your chairman has taken a very deep 
interest, and which he believes are susceptible of formulation into a 
general system of financing, both for construction costs and costs of 
extensions and reimbursements therefor, and also of determining a 
division between the taxpayers’ and the rate payers’ fair share of 
the burden of maintenance and operation, including fixed charges, 
and finally of fixing the rate as between rate payers, so that all along 
the line these burdens will be equitably distributed, i.e., to say so 
that each taxpayer and each rate payer will bear his fair share of 
cost for each item of service which he receives, paying as a taxpayer 
for the benefits which accrue to all taxpayers, whether they are 
water consumers and rate payers or not, and as a rate payer for the 
benefits which accrue to water consumers only, and paying in pro- 
portion to his consumption for the items which vary in cost in pro- 
portion to consumption, and in proportion to the size of his service 
and meter for the items which vary in cost mainly in proportion to 
said size. 

Several papers read before this Association within the last few 
years, including Mr. Reed’s, just presented, contain matter of the 
greatest value, looking toward the formulation of such a scheme, and 
your chairman wishes a little later, as a member of the Association, 
to assist in presenting some further studies in these connections, 
with the hope that they may be of assistance in reaching something 
fairer and more uniform in the treatment of these questions than is 
shown in the widely varying general practice of today, and will be 
glad if the Association eventually can see its way to the endorsement 
of some general system of solution of these problems which would 
tend toward fairness and uniformity therein. 


Mr. Francis C. Hersey, Jr.: There was a case in Wellesley this 
last year where a promoter laid out a remote section of the town 
principally in small bungalow lots for summer homes, ete. You 
know how these propositions as a rule pan out. For three or four 
years everything looks prosperous, then perhaps interest dies out 
and the whole thing goes to pieces. They wanted water and we esti- 
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mated it would cost us $3000 to lay a 6-inch main into this property. 
We got the promoters to give us a surety company’s bond for 
$3000, guaranteeing that in case in any one of the five years the 
bond is to run the amount of water used (all metered) did not equal 
$600, they would pay us the difference. If at the end of five years 
the development was a failure we would come out practically even 
on cost of extensions. If it was a success, we would be ahead. 


Mr. A. A. Rermer: The speaker takes somewhat the same atti- 
tude that the last speaker has expressed and in which others of the 
speakers seemed to concur, that the promoter has everything to 
win and nothing to lose. If they go into this game on their own 
basis we stand to lose, not to gain. Take the last case cited, having 
served water up to the limit of five years, how much was he in? 
We have to be very careful, if we adopt any of these plans, to see 
that we protect our city or our company, in case it is a private com- 
pany, so that the time will not come when a heavy investment lit- 
erally sinks into the ground and leaves a hole in our finances. Even 
if we get rentals for five years, we are out the water anyway. 


Mr. FRANK C. KIMBALL: It may be of some interest to state that, 
without laying down a formal rule to be applied in all cases, the 
Public Utility Commission of New Jersey have recommended in sev- 
eral instances that water and gas utilities make extensions of their 
piping systems for reasonable distances whenever the owner of the 
property to be benefited thereby will guarantee a return of 10 cents 
per foot per year upon all pipe so laid, for a term of five years. 


Mr. J. M. Diven: Most new land developments are more or less 
of a gamble and to leave the chance element all to the promoters the 
speaker has used the following method, considering that it is no part 
of the duty of a water department or company to go into gambling 
schemes; the promoters are required to pay all cost of pipe exten- 
sions into the property, including valves, fire hydrants, services, etc., 
with an agreement on the part of the department or company that 
it will refund the cost of the construction and take over the mains and 
appliances as soon as a certain number of houses have been erected, 
connected with the mains and commence paying a revenue, or when 
a certain specified income is received from the extension. Some por- 
tion of the capital furnished for the extension may be returned to 
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the promotors when a less number of houses than the full specified 
number are built and using water, or when a revenue somewhat 
less than a full paying one is received, but the contracts generally 
require the full number of water takers or amount of annual reve- 
nue before the mains are taken over and paid for. No interest on 
the cost is provided for in these contracts, the promoters standing 
that much as a part of their gamble. 

By this method no money is advanced or invested by the water 
department or company until the development has proven a success 
and a paying investment for the water works. 


Mr. D. A. ReeEp: Replying to some of the questions that have 
been asked; the paper refers more particularly to a municipal plant 
and still more particularly to the question of the establishing of 
equitable rates based upon actual cost, not only of the water sup- 
plied but the cost of extensions, it being the theory that the exten- 
sions should be assessable as nearly as practicable against the abut- 
ting property, and that the cost of operating should be borne by the 
customers using the water. 

The question has often come up in our cities, how to make exten- 
sions in the streets where the people are not able to advance the 
money, as was stated by the first speaker. We often find that to be 
the case even under the present system. Our system embraces the 
idea that the utility itself should advance the money for extensions 
out of the depreciation, reserve and sinking funds or any other funds 
it may have available—temporarily. If money is used to make 
such extensions the property owners have the privilege of paying all 
that back into those funds at once if they wish; if not, 8 per cent is 
assessed yearly against abutting property, the idea being that the 
8 per cent will eventually return all the money to those funds. It 
seems to the speaker unfair to make an extension under a straight 
guarantee system of either 8 or 10 or any other per cent. When 
extensions are first put in there are no customers. One extension 
made last year costing $9000 had no consumers; there was not a 
house on the extension. As the consumption increases the total 
water rates will be deducted from that 8 per cent each year, so that 
at the time the total revenue exactly equals 8 per cent, the guaran- 
tee would be discontinued, and we would be getting only about 
half that amount because the other half of the 8 per cent would go 
to operating expense; in fact, in some portions of the system it would 
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cost much more than the total guarantee to operate, to say nothing 
of the fixed charges. For that reason this particular feature that 
the writer attempted to describe embraces the idea of crediting on 
the guarantee or assessment, by whichever name you call it, some- 
times it is called a “guarantee” and it is sometimes called an ‘“‘as- 
sessment,” only that portion of the revenues which applies to capital 
investment. The balance of the water rates not credited to the 
frontage assessment goes to pay operating expenses as it should. If 
a man owns a 50-foot lot and his water rate is $6 a year, one-half 
or $3 is credited against the $4 assessment that is placed against 
that property, leaving $1 to be paid in cash. If he is using gas, one- 
third of his gas rate also is credited, the idea being that the half or 
one-third of the amount which he pays goes to pay the interest on 
capital investment of the entire plant. Generally a man’s water 
and gas consumption wipes out his entire assessment. A vacant lot 
however continues to pay in cash the full assessment until enough 
consumers have been added to release the entire assessment. We 
have one section of the city that costs us over fifteen cents per one 
hundred cubic feet to furnish water. Under the old system of the 
straight 8 per cent guarantee the department or utility gets its 
money back when there is nobody using water. Up to the time, 
or nearly the time, when they were using enough water to retire the 
guarantee, we were losing money; and when the guarantee was dis- 
continued, we were losing still more money for the reason that we 
had lost our 8 per cent returns on the investment and were furnish- 
ing water at about one-third its actual cost. 

The speaker will be very glad indeed to have a full discussion of 
this subject. It is somewhat different from any system that has 
come to his notice but seems to have worked itself out automati- 
cally. 
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WATER FROM GRAVEL WELLS 
C. W. Wites! 


The water supply of the Delaware Water Company, Delaware, 
Ohio, is obtained from rock and gravel wells, three miles north of 
the city, in a bend of the Olentangy River, covering an area of 
about 25 acres. 

In 1909 an additional supply under the direction of H. F. Dun- 
ham, C.E., was obtained by running a suction line about 75 to 100 
feet from the river, following its contour for a distance of about 
1400 feet. On this line was constructed three deep rock wells, 
and thirteen gravel wells, the latter being 4-inch with 3 to 4-foot 
strainers, at an average depth of 28 feet. 

During the dry summer of 1914 an additional supply was thought 
necessary and plans made for additional wells. A new suction line 
was laid at right angles to the old one, and connected to it with a 
10-inch cast iron pipe, and 6 new wells were drilled in the open field 
some 400 feet from the old line of wells. In this location we found 
2 or 3 feet of soil, 12 feet of sand, mixed with some gravel and small 
boulders, and 12 feet of coarse water bearing gravel. It was evident 
that at some time, this bend in the river had been its bed. 

With a well drilling outfit the new 6-inch galvanized casings were 
sunk to the rock at an average depth of 28 feet, then the casing 
withdrawn about 3 feet and a small charge of dynamite exploded at 
the bottom, after which the gravel was taken out and the casing 
carried down to rock again. A 6-foot strainer was placed inside the 
casing at the bottom, and held in place while the casing was with- 
drawn to near the top of the strainer, and a lead seal swedged to 
the top of the strainer. With a gasoline engine and small pump, 
the wells were pumped for 24 to 48 hours, until all sediment was 
taken out, and the water clear. These wells with the small pump 
showed a discharge of over 100,000 gallons each in 24 hours. 

In order to reach the same level as the original suction line, it 
was necessary to place the suction line for these walls 12 to 14 


1 Superintendent Water Works, Delaware, Ohio. 
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feet deep, this being just above the water line, at a time when the 
ground water was the lowest known in years. This gave promise of 
an abundant supply. These wells were then connected to the suc- 
tion line, with a gate valve to each well to facilitate cleaning when 
necessary. During the low period of ground water we found that 
air was being taken into the suction, and some trouble was experi- 
enced with the pumps, and considerable inquiry by water consumers 
as to what we were putting in the water that made it look like milk. 

A test of the main suction line was made by shutting off all wells, 
and an air pressure of 90 pounds placed on it, without any loss for 
several hours, showing that the air must come from some of the 
old wells put in in 1909. All these wells on being uncapped showed 
from 2 to 6 feet of water above the strainers. The only probable 
solution of the air trouble we could find was that when the wells 
were in use under suction the water level in the wells was drawn 
down below the top of the strainers at times, admitting air; and 
this must have been caused by the partial stoppage of the strainers, 
or a general low condition of water in the surrounding gravel. We 
found upon test that no air came from the new wells, the water 
level in these being 6 to 8 feet above the top of the strainers. 

Some engineers having experience with this system of wells have 
suggested that our 4-inch wells are entirely too small, and that all 
such wells should be not less than 6 inches in diameter, but rather 
should have been 8 to 10 inches, with no strainers when in water 
bearing gravel, but should have perforations or holes in the bottom 
of the casing equal to one and one-half times the area of the pipe. 
Then instead of drawing the water from the body of the well, a 
smaller suction to be dropped inside the outer casing, well to the 
bottom, and connected to the suction. This would obviate the trou- 
ble of air finding its way through the top part of the strainer, and 
allow the well to operate until nearly exhausted. 

This paper is presented for your consideration, with a view of 
bringing out suggestions of the best method of constructing wells in 
gravel. 


DISCUSSION 


Mr. C. W. Wiues: Mr. Chairman and Gentlemen, many of you 
do not rely on gravel for the water supply; but those who do know 
that it is a very important matter to know how to get water out of 
the gravel into the pump. The paper is simply a rehash of our sys- 
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tem of taking water from gravel, and it will interest possibly those 
who are similarly situated. 


Mr. W. J. Happow: The city of Brantford, a Canadian city, 
draws all of its water from gravel bar soil, using a different method 
altogether from that described by the writer of the paper. We 
have a long collecting gallery made of perforated tile pipe laid cor- 
responding with the contour of the river, and the water flows down 
through it into a large concrete well. In case of low water we have 
an arrangement by which we can admit water from the river and 
cause it to flow to a central well from which it is distributed in vari- 
ous directions so that it will fall into this collecting gallery. By 
thus flooding the soil we obviate the low water difficulty. 


Mr. W. E. Hasextine: We get our water from gravel. We 
have found in our case that we do not have to go more than 15 or 18 
feet for it; it is comparatively near the surface. We have dug down 
to a depth of 15 to 18 feet and constructed a gallery similar to the 
gallery mentioned by the last speaker. The walls are laid with 
rock and reinforced with concrete cap. The water is carried from 
there into the well which is also located in the gravel, and the water 


is pumped from that. We, of course, have no trouble of the kind re- 
ferred to by the gentleman who read the paper. 


Mr. Joun W. Moore: Throughout a large part of Indiana it is 
found desirable to tap the water bearing gravel stratum and also the 
underlying water bearing limestone stratum with the same well. 
One of the methods by which this combination well is successfully 
constructed is as follows: Assuming that the finished well shall be 
10 inches in diameter, first a drive pipe 12 inches in diameter is sunk 
to rock, the depth and thickness of the water bearing gravel strata 
being carefully noted. A 10-inch diameter hole is then drilled to 
the desired depth into the water-bearing rock. A 10-inch diameter 
pipe is then lowered inside the 12-inch drive pipe and seated on the 
rock. One or more screens, 10 inches in diameter are made up and 
form a part of this 10-inch pipe, the screens being located so that 
they will come opposite the several water-bearing gravel strata. 
The 12-inch drive pipe is then pulled, which allows the water from 
the gravel to enter the well. In designing air lift pumping systems 
the writer has also used this method to secure the proper submer- 
gence. 
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Mr. H. C. Hopaxrs: There is a gentleman here who comes down 
from a district where they have the finest farms, and the population 
is largely German, even in larger percentage than here in Cincin- 
nati. He is taking water from wells in a very unique way. The 
speaker would like to call on Mr. Hymmen, of Berlin, Ontario. 


Mr. H. Hymmen: We have altogether about fifteen wells that we 
are using. Some of them are pumped by compressed air. We have 
started to use turbine pumps, direct connected, electric drive, which 
are giving us very good results. We had air on at first. When we 
first put in our air plant we pumped out sand and filled up our con- 
duit. We then put on a small turbine pump, a 3-inch suction elec- 
tric drive turbine pump, direct connected. We are getting 75,000 
gallons in 24 hours. Some of these wells have 20 feet suction, and 
some 30 feet suction. They are down 32 feet in the well. 
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CITY FIRE LIMITS 
By ALBERT BLAUVELT 


This is not a set talk, and if any one can enliven the occasion by 
any question or remarks the speaker will be glad to have him do so. 

A water works is of course an essential of modern fire protection, 
yet it is but one of twelve general factors or departments which go 
to make up the fire protection of a large city as a whole. One also 
of the twelve parts or factors of modern city fire protection is the 
“fire limits” or central district in which frame buildings are prohib- 
ited. This evening’s talk is to attempt to show that our cities in 
general are more in need of higher requirements as to the fire limits, 
than of high pressure systems or larger water works. 

The public usually gets its idea of the presence of the water sup- 
ply by seeing fire department hose streams. At time of disastrous 
fire the unfortunate practical fact is that such a fire is usually so 
large that it becomes a dry fire, one which does not receive any 
water at its heart, or core, and to that extent the water works is 
useless. Any one who is in the least accustomed to examining fire 
ruins can very readily tell whether water reached the heart or cen- 
ter of the fire, or whether the fire remained dry, and it is an unfortu- 
nate fact that the important fires are ofttimes dry at the center 
or precisely where water would do most good were it possible to 
apply it. Another still more unfortunate fact is that the bigger a 
fire, the more certain it is to be a fire which may be termed a dry 
fire. That is peculiarly a characteristic of all very heavy city fires 
after the hot blast has developed. 

The conflagration of the city of Chicago in 1871 was such, and 
typical of the most destructive type of conflagration, and is especi- 
ally interesting in connection with the particular viewpoint that we 
will come to later. 

When Chicago had its great fire the city then had but about 350,000 
inhabitants. While that fire originated at a point which is now in- 
side the fire limits, yet the fire of 1871 was typical in its day as an 
outskirts fire and from that outlying place of origin burned into and 
through the city proper. 
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Another of the older of the modern city fires, that at Boston in 
1872, was typical of another type of conflagration which begins in 
the heart of the city, and in the teeth of. the fire department, then 
goes on and develops into the conflagration form. 

Toronto has had several severe fires mostly starting in some cheap 
district where special fire protection would be a financial impossi- 
bility. 

The Baltimore conflagration was carefully analyzed by men who 
had studied earlier conflagrations, and is more accurately mapped 
and platted than any other conflagration. It began in the face of 
the fire department, in the heart of the city, with no high wind, no 
severe weather, everything favorable for fire department operations, 
with lavish supply from the water department, and in broad early 
daylight. The wind during the whole period of that fire was very 
moderate as shown by the United States Weather Bureau, and 
yet, if that wind had not shifted toward the bay or harbor there would 
have been little left of Baltimore. These typical examples of very 
heavy and disastrous city fires, some of which started in town and 
some out of town, were dry fires each and all. | 

We are often indebted to our newspaper friends for some acute 


observations, for instance, the Chicago Tribune, with reference to the 
Baltimore fire, has this to say: 


It was a great fire, and a peculiar one, in that it was a dry fire, that is to 
say, not a quart of water reached the central portion of the conflagration. 
The temperature of the fire that beat against and into the skyscrapers was 
probably 2000°. It was a terrible assault. The unprotected window open- 
ings afforded easy ingress to the fire, and plenty of woodwork was found 
on the inside for the flames to feed upon. 


This Tribune report was absolutely accurate and we must also 
remember that the Baltimore fire was no more dry than preceding 
conflagrations all have been and to a certain extent must ever be. 

Another thing that is misleading, although it is extremely natural, 
but it is unfortunate, is that we habitually speak of the burning of 
buildings. Now buildings do not comprise a city. A city is com- 
posed of contents, and the buildings are merely accessory to the 
contents. It is the contents that ignite, it is the contents that rep- 
resent the bulk of values and fuel. Wemay say that the spectacle 
or phenomenon of a conflagration should be looked upon not as one 
building burning another, but as the contents of one building com- 
municating the fire to contents of the next building. The contents 
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are the important things, both as to the hazard, the quantity or 
bulk of combustible material, and the value. 

At Baltimore the steel frames that stood after the fire were simply 
rough shells of what were formerly buildings and their contents. 
Some people imagine that those frames represented a considerable 
salvage. Unfortunately they represented very little salvage as com- 
pared to original values plus tenants’ property. The people who 
occupy office buildings have a great deal more property as tenants 
than they themselves know, anywhere from $50,000 to $150,000 per 
floor is not at all uncommon. The burning at Baltimore was not 
so much from building to building as from contents to contents; 
and the prime cause of the destruction of the so-called fireproof build- 
ings was not the general fire but the contents of said buildings, how- 
ever slight those contents might appear. 

When you use steam boilers, you expect a pound of fuel to evapor- 
ate about ten pounds of water. When you burn a pound of fuel 
in a foundry cupola you expect it to reduce far more than its own 
weight of metal, and the same rule that applies to the ordinary fur- 
nace equally applies to the destructive or reducing power of fuel 
inside a building. The Continental Trust Company Building at 
Baltimore is a case in point. This was a bank underneath an exclu- 
sive office building. The contents were simply ordinary desks and 
furniture, trim, office files and so on, which one would hardly think 
of as sufficient fuel to reduce all to a gaunt skeleton, yet the destruc- 
tion was brought about mainly from the mere contents. 

It may seem unreasonable to state that a fire can be dry with the 
fire department at work, and considering that Baltimore had lavish 
water works. That is a perfectly pertinent question respecting all 
heavy city fires, with the fire department in operation, and the water 
works also in full operation, and, if so, why have either? The an- 
swer is that had it not been for the water works, and had it not been 
for the fire department, the fire at Baltimore would have reached 
enormously greater dimensions than it did. The fire departments 
were not able to do anything at all in the direct central path of the 
fire, but local and visiting firemen did an immense amount of good 
in hemming in the edges and so preventing the fire from cutting a 
much wider swath, and also did an immense service in checking fire 
from fire brands which were thrown far in advance of the main fire. 

Why it is that these heavy fires get no water where most needed 
is something which many of you already appreciate yet it may not 
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be amiss to try an explanation of it. The principle is a simple one. 
Let anyone hold the hand over the flame of a candle. You will 
find that the heat is not bearable to the hand even at a considerable 
distance when held directly over the flame. It is also noticeable 
that there is a strong upward draft although the air in the room may 
be quiet. In any fire the expansion of gases due to the combustion 
speeds up the draft and we can calculate the velocity of the draught 
of a large fire from the manner in which it is able to throw firebrands. 
In a rough way it is a fair statement that the acceleration of draft 
local to, and immediately proceeding from, a fire is about four to 
one. That is to say, a 10-mile breeze fanning a fire is accelerated 
into about a 40-mile wind as it issues from that fire; and a 25-mile 
wind supplying oxygen to a great fire will accelerate up to approxi- 
mately 100 miles an hour as it comes out of the fire. All this is 
consistent with the action of a large fire as to its throwing heavy 
firebrands to great heights and long distances. It does not take a 
very large fire to produce a dangerous hot blast and if the wind is 
sufficient to carry this hot blast over into a fairly horizontal position, 
the firemen are then held at a distance and cannot endure the hot 
blast and must retreat. The rear or trail of the fire necessarily is a 
bed or trail of burning embers. The fire department cannot work 
on the front or rear of a great fire simply because the hot blast oc- 
cupies the front and an area of burning ruins occupies the rear. 

Illustration No. 1 is intended to show the action of the hot blast 
as if it were visible. Any one who will take a slow speed fan and 
set a candle in front of it, will find it impossible to hold the hand 
close to that candle sidewise as is natural because the heat is then 
carried to the side. A house fire in a wind acts the same except, as 
is illustrated, it is on a larger scale. In small fires like a single house 
a hose stream is long enough to overreach the hot blast. But when 
the fire is a large one and fanned by a brisk wind, as shown in the 
main or lower figure of the illustration, it makes no difference how 
powerful the hose stream is, no hose stream can overreach the length 
nor the diagonal width of the hot blast and, therefore, the core or 
heart of the fire remains dry. 

At Baltimore the wind did not at any time exceed twenty-five 
miles an hour; but there were times in certain streets when firemen 
could not stand within several hundred feet of the front of that fire. 
The hose streams were absolutely ridiculous and such is the situation 
in all large fires in a wind; the hot blast makes it impossible for 
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the firemen to hold a front stand to head off the fire. Such fires 
have never been controlled by any water works or any fire depart- 
ment, and from the nature of the case they burn a wide swath through 
a city unless the wind dies down. The Chicago fire simply burned 
on through into the lake. At Baltimore the fire burned out to the 
harbor. At Lynn, Massachusetts, it burned out to the Atlantic 
Ocean. 

Coming to the question as to whether these hot blast fires can be 
prevented, or whether we must expect to have more cities wrecked, 
it seems certain that there is no complete remedy and yet there is 
at least a seven-eighths remedy. In the outskirts of cities no human 
ingenuity can suggest a remedy that is within financial bounds. 
A fire may come from this, that, or the other cause on the outskirts 
where cheap property cannot bear the cost of any effective anti- 
conflagration treatment. There is, however, a great deal of ground 
for believing that the very costly central districts of a city can be 
protected in spite of a conflagration that comes in from the out- 
skirts, and that it is also possible to so protect the central or costly 
district that a conflagration cannot arise within said district. Expe- 
tience has shown that a number of heavy city fires after having gone 
wholly out of control have later been gotten under control because 
of reaching a location presenting the resistance of shuttered alleys. 
A thoroughly shuttered alley exercises a great slowing-up effect. 
Any fire on reaching a full set of shutters or wired glass is checked 
considerably and is checked further in crossing the alley and checked 
again severely by the second set of shutters or wired glass. This is 
not to say any two sets of window stops will stop any such heavy 
fire as at Baltimore; but the point is that merely a plain alley thor- 
oughly stopped on two sides has checked some fires which were 
wholly beyond fire department control and points to general use of 
protected windows. Many fire protection engineers believe that to 
protect the window openings of the central district of a city would 
alone be sufficient as an anti-conflagration treatment. The thing 
needful is to prevent fire inside a building from coming out of that 
building, and thus keep the fire from reaching the contents of the 
adjacent building. Fires are fed by the interior contents of build- 
ings. If fire originates in a building or enters a building on the 
windward side the thing essential is to prevent the fire escaping and 
spreading from out the down wind or lee side. Obviously a street 
main, however large, is not able to help us in this particular, after 
a hot blast has developed and the firemen are unable to hold ground. 
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Now, there have been some very interesting experiences that prove 
that this fatal communication from contents to contents does not 
necessarily have to be guarded against by fire walls nor by shutters 
or wired glass. It has been found that spread of fire from contents 
to contents can be checked by a spray as from automatic sprinklers. 
In fact, a dense spray seems more effective than a fire wall provided 
the spray is deep, perhaps if need be, as deep as the building. 

The city of Boston in 1893 had a fire which was absolutely beyond 
the control of the fire department until checked by a sprinklered 
building, known as the Brown-Durell Building, a very large brick 
building which stood directly in the path of the brunt of the hot 
blast. The heat opened a large number of sprinklers and the hot 
blast was sufficiently absorbed by the volume of spray and that hot 
blast did not emerge on the lee side of the building and the town was 
saved. Another sprinklered building, the Kilgour, is also credited 
by good judges as having been of similar service in Toronto in 1904. 
The spray must be deep, must be backed by a large water supply and 
must be inside, not on the outside, of the building, because outside 
spray blows out of place and away in a wind such as always exists 
at a time of conflagration. 

As earlier stated, cheap property cannot stand the expense of pre- 
paration to positively stop the spread and run of fire, but it is com- 
mercial and also possible to prepare a costly congested district to do 
so and also to stand the brunt of any fire from a cheap district. 
This means the establishment of special fire limits inside of the ordi- 
nary fire limits, using waterless sprinklers and fire department en- 
gine water for some buildings, protected windows on other buildings, 
automatic water supply sprinklers in other buildings, etc., always 
keeping in mind the principle of intercepting the communication of 
fire from contents to contents. Such protective features because of 
cost would be mostly limited to a four-story or higher district or to 
city values aggregating not less than $100,000,000 per square mile. 

The fire that attacked the Brown-Durell Building was burning 
up values at the rate of $800,000,000 per square mile, and in such a 
district an inner fire limits would be cheap in relation to the risk and 
the values at stake. A city carries about nine-tenths of its values 
upon about one-tenth of its area. Experience with those few very 
heavy city fires that have been checked has shown very conclusively 
that they cannot be stopped at any exact dead line but can be 
stopped within one or at the most two blocks as shown on the illus- 
tration. 
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Because firemen cannot stand against a hot blast longer than the 
length of a hose stream, we cannot, therefore, through firemen or 
through water works expect to make safe.our large city values. But 
we can establish an inner fire limit wherein the hot blast would 
either be deflected by successive barriers or be absorbed by spray, 
or partly deflected and partly absorbed, so that the fire shall subside 
sufficiently to permit the normal operation of the fire department and 
be within the capacity of the average water works. 

The second illustration shows an inner fire limit (the group of 
blocks marked ‘‘P’’), indicating a district in which every building is 
piped for sprinklers or, if not, has protected windows on all sides. 

It seems to the speaker that our big cities can spend money to 
far better advantage to deflect or absorb hot blast fires from driving 
through their central districts than for heavier water mains or larger 
fire departments. It makes no difference what pressure may be 
used nor what water is provided as against the fact that no water 
works nor fire department can cope with a well developed hot blast. 
Better to agitate for checking the hot blast rather than expect the 
impossible from the fire department or the water works. 

An inner fire limit as described is not likely to be put into prac- 
tice at any very early date; the difficulty of apportioning the expense 
is very great. It involves the necessity for coercing the property 
owners as to their individual properties, and there are many such 
reasons which probably will for a very long time prevent our large 
cities from establishing inner fire limits to resist attack of a hot 
blast from a cheap district; and yet conviction seems unescapable 
that eventually something of that kind must be done. Our cities 
are growing and the values are piling up. We have never had any 
true hot blast checked by any fire department or water department, 
and we cannot have. We also have never had a really big fire yet 
as compared to the chances in our great cities. These conflagra- 
tions lie in wait for our big cities, and ordinary arithmetic indicates 
that some of these fine mornings we will wake up and find some 
city of a million inhabitants wiped out and with it a realization will 
come that a very small percentage of such an appalling loss if ap- 
plied to central protection would have protected all of the larger 
cities and also paid its way on a yearly fire basis. 

In this problem of city fire protection the real need is on the part 
of the citizens of the town and the individual building owners to re- 
arrange the city plan proper. 
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A Memser: How about water curtains; are they effectual in stop- 
ping fires? 


Mr. Buavuvett: Water curtains are not of very much good ex- 
cept for a moderate fire. When there is a constant heavy fire blast 
bearing on a building a depth of spray about as deep as from here 
to the other side of the hall is needed and this can only be had in 
sprinklered buildings with heavy water supply. 


A Memser: About the Salem fire; was that a fire which came in 
from the cheap district? 


Mr. BuLavuveELt: Yes, sir; started out in the thinly settled district 
and burned down into the town. A city like Salem, however, could 
not be protected by any engineering short of reconstruction. What 
has been said must apply to fire limits inside of what is now recog- 
nized as modern fire limits. An inner fire limit as discussed is ap- 
plicable only inside of what are now known as “‘fire limit districts” 


in which shingle roofs and frame buildings have been eliminated. 
Salem was a town of much frame and shingle roofs, and there are no 
engineering plans that might meet that situation. 


ARTESIAN WELLS AND METHODS OF PUMPING THEM 
By Joun D. Kivpatrick 


NECESSITY FOR WATER SUPPLY FROM UNDERGROUND SOURCES 


During the several yezars the speaker has been attending these 
conventions, he has observed that the papers and discussions on 
water supplies have been confined, in a great measure, to the treat- 
ment of water obtained from surface sources. These discussions 
have gone into considerable detail regarding the proper design and 
construction of filter plants, the design, construction and operation 
of filter beds, and a number of papers have been read on the proper 
method of still further destroying injurious bacteria which may have 
escaped elimination in the filter beds. But, there has not been 
much discussion on the subject of the design, construction and op- 
eration of water supplies obtained from underground sources, par- 
ticularly those from driven wells. 

In a great many localities the underlying formation is such that 
a water supply from a driven well system is impossible to obtain, 
but there are hundreds of municipalities where it is possible to ob- 
tain an artesian supply and consideration should be given to this 
source, even when a filtration plant is available. 

A great point has been made in the discussions before this Asso- 
ciation and also in reports of consulting engineers that artesian sup- 
plies are not permanent in character. The writer disputes this point, 
because his experience, extending over a great many years, has led 
him to believe that the fault is not with the underlying water bearing 
strata, but either with the construction of the wells themselves or 
to bad condition, due to neglect. It would be folly to generalize to 
the extent of saying that it is possible to draw an unlimited quantity 
of water from any given water bearing strata any more than the 
statement might be made that an unlimited quantity of water can 
be obtained from any surface stream, but there are many cases where 
the yield from the wells has steadily fallen off and where it was pos- 
sible, by developing the wells and possibly changing the methods of 
pumping, to bring the wells back to their original and sometimes to 
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an even greater yield. For example, the wells of Montgomery, Ala- 
bama, which gave some years ago about 5,000,000 gallons of water 
per day had dropped off until it was possible to obtain only 4,000,000 
gallons per day. By cleaning out the strainers and developing the 
wells, and by this latter term is meant cleaning out the fine sand 
which had collected in the region surrounding the strainers, and in- 
stalling a more efficient type of air-lift, these wells were brought up 
to yield approximately 5,500,000 gallons per day. This was in a 
sand formation. A number of similar instances could be cited, but 
lack of time will not permit. The writer refers particularly to wells 
driven through sand or gravel formation where the use of a strainer 
is necessary. Of course, in the case of wells driven into the rock, 
it is only possible to obtain from any rock hole the amount of water 
contained or flowing through the crevices and fissures in the rock. 
With sand holes, however, the yield from any well is greatly affected 
by methods of construction and development of the well when drilled. 
The writer has drilled wells that yielded 15 gallons per minute which 
have been brought up to over 300 gallons per minute before being 
put into service. 

In locations where there is a choice between artesian well water 
and a surface water supply that has to be filtered before it is possi- 
ble for the water to be used, more consideration should be given to 
an artesian supply if the cost of the plant and the cost of water de- 
livered to the pressure pumps is close enough to allow of debate. 
This opinion is based solely on the ground of the purity of the sup- 
ply. After hearing the many interesting papers that have been 
read at these conventions on the subject of filtration for large mu- 
nicipal supplies, the writer realizes that there is a tremendous field 
for filtration and that it has solved the problem of water supply for 
a great many cities in this country and abroad; and further that for 
the larger cities in this country an artesian supply which has to be 
pumped to the surface of the ground is, in a great many cases, en- 
tirely out of the question. 

The writer refers particularly to the purity of supplies from driven 
wells and admits at the same time that driven well water in almost 
every case is harder water than that obtained from surface streams. 
In very few cases, however, does driven well water have to be treated 
either to clarify or purify it. The installation of a filter plant for 
the clarification of a surface supply is not the end of that problem; 
ceaseless vigilance in the care of the filter is the only price of safety. 
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There are localities where it is debatable whether an artesian supply 
is better and more economical to operate than a supply taken from 
a surface stream that is to be filtered, and still other localities where 
there are no surface streams and the municipality is compelled to 
resort to artesian wells. 

The problems involved in the laying out of an artesian well system 
may be grouped under three heads: 

1. Location of the wells. 

2. Methods of drilling and construction. 

3. Methods of pumping. 

No consideration will be given in this paper to the methods of 
pumping from the pump house up to the storage reservoir, nor to 
distribution systems. Only the delivery of the water to the suction 
basin in connection with the main pumps will be treated. 


LOCATION OF THE WELLS 


The location of the wells depends upon the extent and surface 
conditions of the land available for the well field. No rules can be 
set down for the proper location of wells until test wells have been 
drilled, unless the underlying conditions are known from wells in the 
vicinity. In laying out a pumping plant which will obtain the sup- 
ply from wells, as a general rule, it is best to drill the wells and lo- 
cate the pump on the lowest possible ground available. The obvi- 
ous reason for this is that in drilling the wells we penetrate to the 
underground stream and the object is to have the pumped level of 
the water as close to the surface as possible, because as a general 
rule it is more expensive per foot of pump head to deliver the water 
to the surface of the ground than from the surface reservoir up to 
the storage tank. If the well field is to be in a well defined valley, 
it is preferable to drill the wells in a line across rather than parallel 
with the direction of-the valley, because the underground stream of 
water may flow in the same general direction as the surface streams. 
This, however, is not always the case, and before locating definitely 
any number of wells, it is advisable to drill test wells at various 
points. There have been cases where city councils have taken the 
matter into their own hands and have drilled wells on the summit 
of the hill on which they have decided to place the storage reservoir 
under the specious reasoning that if they could get a flowing well in 
the valley, they should get on top of the hill a flowing well delivering 
its water freely into the storage reservoir, which would save the ex- 
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pense of pumping. Unfortunately, water will not rise above its 
source and the money spent on drilling these altitudinous wells has 
been thrown away. There are places where it is possible to obtain 
flowing wells on the summits of high hills, but they are the exceptions 
which merely prove the rule. 

In regard to the location of underground water supplies by the 
use of forked sticks, magnetic balls, pendulums, indicators for radio 
activity and other devices, the belief in such occult means is only 
evidence of the survival of a superstition of the alchemist’s age. 
The writer has known some of the most famous of these so-called 
“‘dousers,’’ but has never yet been able to pin them down to state- 
ments which they were willing to back up by a bond. 

This afternoon the speaker went out into the country and cut a 
couple of forked sticks; whether these forked sticks are from peach 
trees, witch-hazel bushes or not, is immaterial. Placing this glass 
of water on the floor you will note that when one branch of the fork 
is grasped with the right hand and the other with the left, in walk- 
ing over the glass of water the stem of the fork dips. You note 
that the dip takes place. Now, walking down the aisle you note 
that the stick dips again, showing that the presence of water has 
nothing whatever to do with the curious action of the stem of the 
twig. The explanation of this phenomenon is that it is only possible 
to operate a forked stick when the hands are held palms up. This 
position brings the little fingers of each hand on the inside. You 
will note after holding your hands with palms up, your fists tight 
together and gripping hard, that within a few seconds you will feel 
a strain on the muscles of the forearm which can be instantly re- 
lieved by releasing the grip of the little finger a trifle and possibly 
the third finger also. If you are holding the forks of a twig in your 
hands the release of the grip by the little finger and the third finger, 
together with an almost imperceptible turning of the fist down- 
wards and inwards, will cause the stem of the twig to dip. This, 
accompanied by a releasing of the tension on the pro nator muscle 
that extends from the thumb side of the wrist diagonally across 
the forearm to the inside of the elbow, when the hands are held 
palms up, is the explanation of the dip. The mysterious action of 
the twig, therefore, is not influenced in any way by the action of 
subterranean water, but is due either to unconscious reflex action 
on the part of the operator, or is caused by “malice aforethought”’ 
on the part of the same worthy when he thinks he is in the neighbor- 
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hood of a favorable spot for the location of a well. The reason for 
the continued vogue of the uncanny action of the divining rod in 
the hands of these self-styled “‘water-finders”’ is due to the fact that 
the average citizen has a sneaking fondness for the occult; and when 
a ‘‘water-finder” makes good on the location of a well, the fact is 
advertised far and wide, and when he falls down, his failure is ex- 
pected as a matter of course and is soon forgotten. 

There have been a number of other methods used by “weter- 
finders” that have come under the speaker’s observation in the last 
twenty years. One of them, a Russian, had a mysterious box from 
which was suspended a pendulum. He would start this pendulum 
oscillating east and west and walk over a tract of land; and he 
claimed such mysterious power for himself and the pendulum that 
when he was vertically over the underground stream, the pendulum 
would stop oscillating east and west and swing in a northerly and 
southerly direction. At that point he would drive a stake; then he 
would start at the edge of the property again, a few yards further 
off, and walk in a parallel direction to his first line until the same 
change in the pendulum took place and then he would drive another 
stake. In this way he would plot out the direction of an underground 
stream. The violence with which the change in the swingof the pen- 
dulum took place would give him an idea of the depth. This scheme 
was all right and the Russian made a great many thousands of dol- 
lars out of it. No one, however, ever saw the box or the pendulum, 
which heconcealed under a long and wide coat which he always wore. 
His compensation was based upon his demanding a fee of $100 for 
making what he called a “survey,” and then getting a fee of $500 
if his predictions came true. The old man generally arranged to go 
to the neighborhood of the tract two or three days before his formal 
survey and gather all the information he could about wells in the 
vicinity, and by taking differences in the level of the ground, he 
sometimes made very close guesses, and, as remarked before, you 
only heard about his successful surveys and never about his failures. 

Another famous “douser’” in New York asserted that he could 
feel the underground water in the ends of his fingers if he walked 
over the suspected territory with his arms outstretched. There was 
another one who had a box containing mysterious electric indicators 
by which he registered the radio activity of the underground water. 
This radio activity of the underground water acted in an opposite 
direction to the force of gravity and passed through concrete cellars, 
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flooring, the roofing and all other materials, so that it was just as 
easy for him to discover underground water from the roof of a ten 
story building, as it would be in the cellar of the same building. 
This man “got away with it’’ for three or four years, because, as we 
all know, there is one gullible person born every minute. 

The only scientific method of determining the location for a well 
is to obtain all the information possible about wells in the vicinity 
together with all possible data regarding the underlying geological 
formations. A combination of experience with the aforesaid data 
and information is of considerable value. In addition to this infor- 
mation, test wells should be drilled to the maximum depth consid- 
ered necessary and should not be less than 6 inches in diameter so 
that a pump of reasonable size can be installed and some conclusion 
drawn from the yield of the “prospect well.” After these “prospect 
wells,”’ the number of which will depend upon the local conditions, 
have been drilled and tested, sufficient data is at hand upon which 
to estimate the total number of wells that will have to be drilled to 
give the required yield. Great care must be taken to obtain an 
accurate record of all the formations passed through and frequent 
tests must be made to determine the yield at different depths. 


METHODS OF DRILLING AND CONSTRUCTION 


Driven wells may be roughly divided into two classes: (1) those 
where the water supply is obtained from the rock, and (2) those 
where the water bearing strata lie above the rock. A third class 
might be added, a combination of these two. 

1. Where the rock lies at a short distance below the surface of 
the ground and the quality of the water above the rock is unsatis- 
factory, the pipe should be driven so as to seat firmly into the rock, 
shutting off the surface water. The most satisfactory method of 
doing this work in the case of the 8-inch finished hole in the rock, 
is to drive a 10-inch pipe down to the rock and drill a 10-inch hole 
in the rock far enough to be surely into the solid rock and below the 
shattered and seamy top surface. An 8-inch pipe should then be 
lowered to seat into the bottom of the 10-inch hole in the rock and 
cement grout poured in sufficiently to fill up the annular space 
around the 8-inch pipe in the 10-inch hole in the rock. After thir 
is set and the 8-inch hole drilled on in the rock, the 10-inch pipe may 
be withdrawn for use in another well. 

During the drilling of the well, tests should be made by means ot 


ARTESIAN WELLS AND METHODS OF PUMPING THEM 645 


sand bucket or working barrel to determine the yield at different 
depths. A good indication of passing through water bearing crev- 
ices is the rise or fall of the standing water in the well. If contin- 
ued drilling shows the same character of rock and the standing water 
level remains the same, it is a good indication that there is no great 
change in the possible yield of the well. Another indication of very 
little water in a rock well is shown by a great rise in the water level 
in the well when the drilling tools are lowered. When the well has 
reached the required depth, a test should be made, either with the 
working barrel, or the air-lift. If there are a number of wells to be 
put in, and the air-lift system is to be adopted for the permanent 
pumping plant, and the test is made with a working barrel, it is ad- 
visable to place the working barrel at a point below the surface so 
as to leave sufficient depth for the submergence of the air-lift. For 
instance, if the wells are 200 feet in depth, the writer would not rec- 
ommend that the working barrel be placed more than 100 feet 
below the surface of the ground and the yield determined at this 
point. 

2. The construction of wells in sand or gravel. In driving wells 
through sand or gravel, it is essential that the drive pipe be of strictly 
wrought iron and equipped with patent recessed couplings, and care 
must be taken so that the ends of the pipe butt in the couplings and 
that the pipe be shod on the lower or cutting edge with a steel drive 
shoe. The reason for the pipe butting in the couplings is to carry 
the effect of the blow of the tools directly through the pipe to the 
drive shoe instead of having the impact come upon the threads in 
the couplings. 

The proper strainer and the placing of it is the next point to be 
considered. If the strainer is to be placed at the bottom of the 
well, this may be done either by driving the pipe through the water 
bearing strata, introducing the strainer, and jacking back the drive 
pipe so as to uncover it; or the drive pipe may only go to the top of 
the water bearing sand and the strainer pumped or driven into 
proper position. In the first case the strainer may be plugged before 
being lowered, but chances would be taken in the ability of the well 
driller to jack back the drive pipe. In the latter case, difficulty is 
sometimes found in placing the plug securely. In either method of 
construction, it is essential that means be taken to prevent sand 
from running up alongside the strainer between the top of the strainer 
and the well casing. This sand is kept out either by putting in a 


646 JOHN D. KILPATRICK 


lead packer or by continuing an extra line of pipe from the strainer 
up to the surface of the ground. Where the lead packer is used, the 
strainer is lowered into the hole, and in order to withdraw it any 
time, considerable difficulty is usually found in getting hold of it 
and getting it out of the well without destroying the strainer. Asa 
general rule, it is better to lower the strainer into place by means 
of piping extending all the way to the surface of the ground and then, 
if it is necessary at any future time to withdraw the strainer, it isa 
comparatively simple matter to do so. In case the water is found 
in three or four strata with some distance between them, it is neces- 
sary to drive the pipe to the extreme depth and then lower the strain- 
ers into place with the proper connecting pipes between them, and 
then jack out the well casing at least as far as the top of the upper- 
most strainer. 

The operation of jacking back pipe is one involving risk on ac- 
count of the pipe parting under the strain. The only precautions 
that can be taken are to sand pump freely and frequently when the 
pipe is being driven, have the strainers on the ground and lose no 
time in placing the strainers before jacking back the pipe, so that 
the sand and gravel will have as little time as possible to pack 
around the drive pipe couplings. Cutting the drive pipe may be 
resorted to in case it is unnecessary to withdraw the lower part 
of the drive pipe, which may have been driven to give the necessary 
amount of submergence in the case of an air-lift well. The necessity 
of insisting upon the pipe being butted in the coupling is observed 
more particularly when jacking operations are required, because if the 
pipe is not butted there is even greater danger of stripping the 
threads. In case a pipe parts when being jacked back, it may result 
in a lost well. 

3. Under the third heading, where water may be obtained from 
the formations above the rock and from crevices in the rock, the 
construction of the well differs in no way from those referred to in 
the first two actions. 


METHODS OF PUMPING 


The pumping of driven wells may be done either by suction, deep 
well pumps, rotary or screw pumps, or the air-lift. In case the water 
rises high enough in the wells to be pumped by suction, it is unnec- 
essary to speak of this other than to say that method of pumping is 
familiar to anyone who has ever done any hydraulic work. The only 
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prime necessity for a successful suction plant is tight suction lines, 
and good foot valves. 

In regard to deep well pumps, these may be used when only lim- 
ited supplies are required and where the water does not rise in the 
well high enough to make an air-lift economical. The question of 
whether to use single acting well heads with single acting barrel, 
or single rods with double acting barrel or double rod heads with 
double plungers depends entirely upon conditions. Except under 
extreme conditions, the speaker does not believe it advisable to use 
deep well pumps where there are more than two wells on account 
of the spacing between the wells and the necessity of building sepa- 
rate pump houses over each well and for other obvious reasons of 
economical pumping. 

For any number of wells scattered as they usually must be over 
quite an area, the air-lift system has proven itself to be the most 
available method for delivering a large supply of water on the sur- 
face of the ground. It is not advisable, however, to use the air-lift 
except under extraordinary conditions for delivering the water higher 
than to the level of the ground. At best the air-lift is an expensive 
way of pumping, but where the water is obtained in large volume be- 
low suction limits, it would seem to be the only possible method. 
The air-lift system has the great advantage of not having any mov- 
ing parts in the well, and there is absolutely nothing to get out of 
order in the air-lift itself. The moving parts of the system are all 
in the air compressor in the engine room, under the eye of the en- 
gineer. The engine room may be located at the most convenient 
point, taking into consideration the supply of fuel, and the furthest 
well may be a mile or more away from the air compressor. If the 
air lines are correctly designed and properly buried, there need be 
but little loss of pressure. The main fault that the speaker has 
found with a great many air-lifts throughout the country has been in 
the air-lift piping in.the wells. It is a familiar fact that a prime con- 
sideration for an economical air-lift is that there should be 60 per 
cent submergence. For instance, in a 100-foot well, there should be 
at least 60 feet of water when the well is delivering its yield; but the 
principal trouble is found in the design of the air and water piping, 
so that the compressed air is delivered at the bottom of the uptake 
water pipe with as little loss by friction as possible, and that the 
uptake water pipe is designed so as to deliver the water, without 
being so large as to have an extreme amount of slip or so small as to 
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develop excessive friction. Evidence of faulty design is shown by 
the discharge being in alternate pistons of water and air. In a prop- 
erly designed air-lift system, the water should be discharged in a 
practically uniform stream, with very little surging. A great many 
foot-pieces have been designed which have for their object the spray- 
ing of the air at the bottom of the uptake water pipe so as to intro- 
duce the air into the water in streams of very fine bubbles. It was 
discovered early in the development of the air-lift that the finer the 
spray could be made, other things being equal, the more efficient the 
air-lift became; but no foot-piece that was ever designed can work 
efficiently if the air pipe leading down to it and the uptake water 
pipe from it are not of such sizes as are suitable for the particular 
problem involved in that well. The great object to be accomplished 
by any foot-piece is to offer as free and clear a water passage as is 
possible so that there will be no eddies formed in the water column 
which cut down the velocity and impair the efficiency. Above the 
foot-piece the mixture of air and water should have a pipe with as 
smooth surfaces as it is possible to obtain. 

The three methods of piping wells may be termed: (1) the outside 
air pipe; (2) the inside air pipe; (3) the annular system. In the 
first case the air passes down outside the water pipe and into some 
type of foot-piece or openings at the bottom with the water passing 
up through the inside of the water pipe. In the interior pipe system 
the air passes down the inside air pipe to a foot-piece or nozzle, and 
the mixture of air and water is blown upward between the outside 
of the air pipe and the inside of the water pipe. In the annular 
pipe system, one pipe is within the other, the space between the 
two pipes being the downtake air column, and the interior of the in- 
side pipe being the uptake water discharge pipe. It is impossible, 
without an exact knowledge of the conditions, to determine which 
of these three systems it is best to use, assuming that the proper 
areas are available in each case for the amount of air necessary and 
the amount of water required to be lifted. There are cases where 
the diameter of the well is so small and the amount of water to be 
delivered so large that there would not be room in the well for the 
outside air pipe, in addition to the uptake water pipe. In this case, 
it might be better to use the well casing as the downtake air pipe 
and only provide an uptake water pipe. This arrangement, how- 
ever, is sometimes impossible on account of air leakage through the 
joints of the well casing, which were opened up when the well pipe 
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was driven. It is very hard to generalize and lay down rules for 
piping up wells on account of the different yields, depths and sub- 
mergence of wells, and this is sometimes still further complicated by 
the number of wells that have to be pumped. With a great number 
of wells to be pumped from the same air compressor, very delicate 
adjustments are required so that all the wells may be started at the 
same time. The speaker believes that it is preferable to use a single 
air line, with outlets to each of the wells, rather than separate air 
lines from the pump house to each of the wells, both as a matter of 
economy of installation and economy in the use of air. The plea 
sometimes made that independent air lines to each well allow of ad- 
justment within the engine room is valid because the place to adjust 
the well is at the well itself, and if the plant is properly designed 
originally, it should not be necessary to adjust the wells except at 
considerable intervals of time, and then only because of the increased 
requirements made on the plant, or fluctuations in the wells them- 
selves. 

Another rule, the observance of which should be insisted upon, 
is that the air-lift should only be used to deliver the water high 
enough above the ground to allow of a flow to a surface suction basin 
close by the force pumps. 

The writer has not referred to air pressure machinery, but con- 
siderable economies can be made in this part of an air-lift system 
by installing compound and condensing machines and by 2-stage air 
ends. The great loss of economy in the ordinary air-lift system, 
however, is not in the engine room but in the air-lift pump in the 
wells. Insufficient submergence, caused by pumping too great a 
quantity from a well, and thereby lowering the head to a point where 
the increase in the amount of air necessary is out of all proportion 
to the quantity of water obtained, or by the use of piping either too 
large or too small. No foot-piece ever designed will do the im- 
possible, but a properly designed foot-piece in connection with 
correctly designed air and water pipes will make the air-lift an 
important factor in the pumping of deep wells, and a properly de- 
signed air-lift system in connection with wells that have a good flow 
of water will result in pumping costs which will compare favorably 
with the cost of some surface water supplies that have to be filtered. 
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Mr. Cuester R. McFaruanp: What do you find to be the most 
efficient velocity of the water rising in the pipes? 


Mr. J. D. Kinparrickx: The most efficient velocity depends upon 
the air pressure, the size of the pipe and the depth of submergence. 
The velocity should be so low that the friction in the uptake pipe 
is negligible. 


A Memser: What is the highest efficient velocity which you can 
get? 


Mr. J. D. Kintparrick: As stated before, this depends upon the 
pressure. The speaker has never made any experiments to deter- 
mine the velocity in feet per second of the discharge of the air-lift 
well, but in accordance with common practice, has made calculations 
in gallons of water discharged per square inch to the area of the up- 
take water pipe. In a deep well with high air pressure the speaker 
has discharged as high as 29.5 gallons per square inch, and recently, 
in New Jersey, was able to obtain a discharge of 31 gallons per square 
inch. With shallow wells, and consequently lower air pressure, the 
usual discharge is from 12 to 15 gallons per square inch. 


Mr. CuHEsTER R. McFaruanp: The water had to travel the whole 
length of the pipe or you would not have had a discharge. 


Mr. J. D. Kiuparricx: That is true. The velocity is a question 
of simply dividing the area of the pipe by the amount of water dis- 
charged per minute to get the velocity. 


Mr. Cuester R. McFaruanp: In an experience extending over 
a period of about twenty years, the speaker has been led to believe 
that each individual case must be treated according to the conditions 
as they are found, and that a deep well with a very great submer- 
gence and high lift will require a greater velocity than the one of 
much less depth, to secure the highest efficiency of the work done 
by the compressor. This being the case, for the same quantity of 
water delivered from a deep well the area of the water pipe should 
be much Jess than that in a shallow well. 
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Mr. J. D. Kivparrick: The government specifications issued by 
the quartermaster’s department of the United States Army seem 
to be based upon the wrong conception of the operation of the air- 
lift. These specifications call for double, extra heavy pipe on the 
top, extra heavy pipe for the middle lengths, and standard pipe for 
the lowest lengths. Piping the well up in this manner means that 
the area is smaller at the top than it is at the bottom. The ar- 
rangement of the pipe should be reversed, that is, the smallest di- 
ameter should be at the bottom, and the largest diameter at the top. 
The reason for this is that the compressed air which is jetted into the 
water at the bottom is at its maximum pressure, and the bubbles 
are consequently smallest. As they travel upwards in the discharge 
pipe, they expand, and the pressure becomes less, with the result 
that more area is necessary at the top of the water discharge pipe 
than at the bottom, on account of the greater space occupied by the 
expanding bubbles of air, the quantity of water being the same at 
the bottom as at the top. 


A MemsBer: What do you do when you have a rock only about 
150 feet down? 


Mr. J. D. Kiupatrick: Let us suppose that we drive a 10-inch 
pipe above the rock, and desire an 8-inch hole in the rock. The 
operation would consist in driving a 10-inch pipe down to the rock, 
and the well driller will then continue with his 10-inch bit and make 
a 10-inch hole in the rock far enough to pass through the seamy 
top surface of the rock. An 8-inch pipe, with ordinary couplings 
and full lengths, is lowered with a coupling on the bottom of the 
lowest piece. This 8-inch pipe is lowered into the 10-inch hole, and 
the coupling on the bottom firmly set on the bottom of the 10-inch 
hole in the rock. The space between the outside of the 8-inch pipe 
and the inside of the 10-inch hole in the rock is filled with liquid ce- 
ment grout up to the top of the rock. The well driller then pro- 
ceeds to drill the 8-inch hole in the rock as far as necessary, and at 
some convenient time pulls out the 10-inch pipe which was driven 
from the surface of the ground down to the rock; the reason for 
withdrawing the 10-inch pipe is that there is no necessity for it, and 
it is available for use in another hole. 

Several members have asked regarding the advantages of blasting 
or shooting a rock well. The answer would be that shooting a well 
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is resorted to in the oil regions to break up the oil-bearing sand, 
when this has been encountered. In shooting a well for water sup- 
ply, a greater flow can sometimes be obtained if you are absolutely 
sure where the water bearing fissure in the rock has been encoun- 
tered. The trouble with most well builders is that they cannot de- 
termine this exact point, and it may be that the shot is set at the 
wrong place, and may result in the closing up of the water bearing 
fissure instead of enlarging it. As a general rule the speaker does 
not believe that blasting a well is a sure way of increasing the water 
supply from that well, but at the same time there are a number of 
cases in which it has proven very successful. 


Mr. Joun W. Moors (by letter): The writer has had a wide ex- 
perience in designing and remodeling air-lift pumping systems and 
the question the gentleman has raised as to the proper speed of the 
air and water in the eduction pipe is of very great importance. 
When this most advantageous speed has been determined for all 
conditions the writer suggests that with the information now at 
hand the average consulting engineer will be able to design success- 
ful air-lift pumping systems of the highest efficiency. 

It is apparent that a constant velocity is neither desirable nor 
possible; therefore it would follow that the best that could be done 
would be to ascertain the maximum and minimum permissible ve- 
locity at both the lower and upper end of the eduction pipe, the 
velocity at the intermediate points to be governed by the diameter 
of pipe available and possible to install in the well. 

The writer after running tests on many air-lift pumping plants of 
his own and other designs has decided on what he believes to be the 
most advantageous velocity of the air and water in the eduction 
pipe for lifts of from 30 feet to 175 feet. 

If observations of plants the writer now has under construction 
should verify the information secured during the last four years, 
the writer will be pleased to lay such information before those of 
this Association who may be interested. 


Mr. M. N. Baker: The speaker well remembers the water-find- 
ers, Hartdegen and Schnee. He had come to New York a few years 
before, and it was his duty to accompany those gentleman on several 
expeditions. On one of these we had some large hose with water 
running through it stretched around on the floor of a large vacant 
building. We took Messrs. Hartdegen and Schnee up on the floor 
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above and had them chalk out their indication of the stream of 
water. It is hardly necessary to say that they did not come any- 
where near it. Of the many who witnessed their demonstration 
one man was a member of the American Society of Civil Engineers 
and another has since been a prominent official of the American 
Institute of Mining Engineers. 

A few years ago the government auditor of municipal accounts 
refused to audit a bill that a British town council had incurred for 
water finding, and the members of the town council had to meet the 
bill out of their own pockets. 

Hartdegen and Schnee shrouded their water-finder in mystery. 
Waterfinders of a later and the present day claim to use “electri- 
cal” instruments and put forth clever but blind explanations as to 
how they operate. 

In 1910 some enterprising water-finder succeeded in interesting the 
Agricultural Department of India to make an investigation of his 
device. The department published an interesting little pamphlet 
purporting to show that the water-finder investigated was a good 
thing. That pamphlet has recently been circulated in this country 
by some one giving his address as Providence or Pawtucket, Rhode 
Island. 


Mr. Wirt J. Wiis: The speaker simply wants to rise to thank 
Mr. Kilpatrick for having introduced a subject that is very near 
and dear to him. The speaker has been a member of the American 
Water Works Association for ten years, and with the exception of 
one engineer making a feeble attempt to say something about ground 
waters, this is about the first time that anything has been mentioned 
in regard to pumping from deep wells, or at least anything in an 
exhaustive way. Representing presumably the largest artesian 
water plant in the world, all that the author of the paper said was 
very interesting to the speaker, who does not desire to make a talk 
on this subject, except to say that we have three systems in Mem- 
phis, all very successful. One invented by the speaker, the name 
of which he will not mention because it is not on the market, con- 
sists of fifteen one million gallon pumps, stretching over a distance 
of ten miles. During the drought, last summer, the longest dry 
season ever known in that country, our mayor published a card in 
the paper advising everybody to use all the water they wanted, but 
we kept up with the demand right along. 
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With thanks to Mr. Kilpatrick for introducing this subject, the 
speaker hopes in future meetings we will have more discussion on 
this topic. 


Mr. Oscar BuLKELEY: The speaker would like to ask Mr. Kil- 
patrick if he has found a good method of drilling a well so as to be 
sure of securing a straight bore. Of course it makes no difference 
if one intends to pump with air, but it makes a very vital difference 
if any other type of pumping equipment should be used. Perhaps 
the rotary method of drilling is the most successful, but the speaker 
wonders if Mr. Kilpatrick can furnish any information on this 
subject. 


Mr. J. D. Kitparrick: In driving a pipe it must be remembered 
that the direction of the hole is entirely dependent upon the thread- 
ing of the casing. The well driller sets his first length of pipe as 
near vertical as he can, drives this to its depth, screws on another 
length, drills that, and sand pumps and drives till he is ready for 
the other length, ete. The straightness of the hole depends upon 
the care with which the pipe company has threaded the pipe. The 
reason that so many well drillers get a crooked hole in the rock is 
that they drill with a slack cable. The well driller will usually get 
a straight hole if he drills on the spring of the cable, that is, with 
the tools hanging free in the hole, the distance off the bottom de- 
pending entirely upon the length of drill cable. In drilling with a 
taut cable the tools hit with a sharp blow, which is caused by the 
fact that the up stroke of the walking beam corresponds with the 
stretch of the cable. In drilling with a slack cable the tools do not 
hang free and clear in the hole, and the length of the stroke is cut 
down considerably. It is a very difficult job to drill a straight hole 
even with the best of care, if the rock is in layers of very hard and 
very soft material lying almost vertically. In this case the tools 
will be sure to work over into the soft material and make a crooked 
hole, in spite of all precautions. Sometimes a guide can be put on 
the stem, but in an experience once in Mexico every method known 
at that time failed, and we were forced to drill with a rotary drill. 


Mr. A. A. Remer: The method outlined by Mr. Kilpatrick for 
obtaining a pipe joint in passing from soil to rock is of course a per- 
fectly sure method; but oftentimes in fairly soft rock you can save 
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that expense if you have a good iron shoe. A well dressed shoe, you 
can drive into rock with a little care in keeping the tools going pretty 
close to the shoe all the time. The edge of the tool will cut say three- 
quarters of an inch of rock under the drive of the machine, so that 
you can actually drive your pipe right into the rock, perhaps 3, 
4 or 5 feet. In some cases that is all that you need for cutting— 
a good drive. That is all you need in that character of rock; but in 
hard rock the other method, of course, is necessary. 


Mr. J. P. Berry: We have four deep wells in our city, each being 
approximately 1378 feet deep, and we have had no trouble in drill- 
ing them straight. Three of the wells are 15 inches down to a 
depth of 100 feet and from there to the bottom they are 8 inches 
in diameter. One well is 20 inches to a depth of 200 feet and from 
there to the bottom 12 inches. These wells are pumped with centrif- 
ugal pumps. An agreement with the contractor was, that he must 
put down a dummy pump, the size of the pump to be used in the 
wells, to a depth of 200 feet and this dummy pump must pass in 
and out freely before any payments were made. This was to show 
that the hole was perfectly straight and that the pump could be 
inserted and taken out when needed. 

These wells are pumped at the rate of 1,000,000 gallons per day. 
Two of these pumps are electrically driven with direct connected 
motors. One pump is electrically driven with a belt drive and one 
pump is operated by steam. These pumps have worked very satis- 
factorily with us. Electricity is purchased from a private company 
at a cost of 002 per kw. It costs about 0.014 per 1000 gallons to 
put the water in the reservoir. 


Mr. Oscar BuLKELEY: The question of straightness is something 
that is of great importance; more than many realize. The speaker 
believes that there are a great many well men who have heard about 
straight holes, but have not got them. If we were to make a test of 
them we would find that they are crooked. There is a great deal of 
misrepresentation in regard to drilling a well straight. Contractors 
will say that they will drill a straight well, but they do not always 
do it. 


Mr. Epwarp S. Core: Will Mr. Berry kindly tell us how his 
vertical shaft and pump are lubricated. 
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Mr. J. P. Berry: The shaft goes down inside of a 3-inch casing, 
and the lubrication goes down inside of that. There is no water 
around the shaft. The shaft goes from the motor connection straight 
through. One pump ran 18 months without missing a day. Some 
Sundays it was shut down for an hour or two, but it ran the whole 
18 months practically night and day, delivering 700 gallons a 
minute. Then it was taken out. It has been very economical. 


Mr. Wirt J. Wits: To find out whether a well is straight, if 
you have a contractor who cannot teil you, make him take a looking- 
glass and by looking down with that you can tell if it is not over- 
flowing. 


Mr. Francis D. West: This has been an important and inter- 
esting subject and the speaker is glad to see that the fact has been 
emphasized that the air-lift is a very good means of pumping deep 
wells. 


IMPOUNDED WATERS OF ALABAMA IN RELATION TO 
PUBLIC HEALTH 


By Epaar B. Kay 


The streams of Alabama for nearly a century have been utilized 
for navigation, public water supply and as sources of power in the 
operation of cotton mills, saw mills, grist mills, gins, and other manu- 
facturing plants. In these operations numerous dams have been 
constructed, the flow of the streams for a time impounded, par- 
tially controlled and regulated for the manufacturers and users. 

Within the last few years the plan of canalizing the larger streams 
in order to give the inland cities, iron and coal interests as well as 
the diversified agricultural and manufacturing industries, the advan- 
tages of water transportation, has resulted in the construction of 
many large dams and impounding basins extending for hundreds 
of miles along the Alabama water courses. 

The development of long distance electrical transmission of power 
has made available the hitherto inaccessible and remote potentiality 
of streams, which are being harnessed for the service of man and use 
in the upbuilding of the Commonwealth. The impounded waters 
resulting from the construction of dams and structures employed in 
the operation of these hydroelectric plants are important links in 
the canalization projects of the government to aid navigation. In 
addition these dams serve the important work of flood prevention 
by assisting in the regulation of the discharge of streams. 

Out of the recent improvement and utilization projects in Ala- 
bama, there has developed a great deal of litigation. This litigation 
has been inspired, almost entirely, by unscrupulous lawyers and 
land sharks, who have systematically canvassed the territory con- 
tiguous to these hydraulic works and have made the credulous coun- 
try people believe that they could secure large sums from the cor- 
porations developing these hydroelectric plants. Many of these 
people who are the perennial victims of chronic malaria and hook- 
worm anemia, have been led to believe that their latest troubles are 
entirely due to the formation of a large body of slowly moving 
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water in the vicinity, which body of water is nothing other than an 
enlarged section of the original river due to decreased velocity. 

The largest power company in the state is at present defendant 
in some 700 suits, aggregating approximately $3,000,000 damages 
claimed, these suits being filed in the four counties through which 
the lake extends, caused by the dam at Lock No. 12 on the Coosa 
River. 

It is the purpose of this paper to briefly outline the character of 
the impounded waters in Alabama, in their relation to public health 
and to call attention to the necessity of having carefully made pre- 
liminary topographic, geologic and sanitary surveys in connection 
with similar future projects. 


DRAINAGE BASINS 


The five principal drainage basins of the state are: 

First, The Apalachicola Basin, draining to the Chattahoochee and 
Apalachicola Rivers, and entering the gulf at Apalachicola, Florida. 

Second, The Choctawhatchee Basin, draining to the gulf through 
Choctawhatchee Bay. 

Third, The Pensacola Basin, draining to Pensacola Bay and Per- 
dido Bay, near Pensacola, Florida. 

Fourth, The Mobile Basin, including the waters of Tallapoosa, 
Coosa, Cahaba, Alabama, Warrior and Tombigbee Rivers and drain- 
ing into the gulf at Mobile, Alabama. 

Fifth, The Tennessee Basin, draining into the Tennessee River and 
thence through the Mississippi to the gulf at New Orleans. 

The water powers of the state are mainly in the Mobile and Ten- 
nessee basins, which practically cover the entire state, except a small 
area in the southeast corner. 

From Westpoint, Georgia, southwards, the state line of Alabama 
is on the west bank of the Chattahoochee River where ordinary 
vegetation ceases to grow. This leaves all of the water power of 
the main stream on Georgia territory. 

The Alabama Geological Survey, in coédperation with the United 
States Geological Survey, has for a number of years been engaged in 
a systematic investigation of the water resources of the state. 

The annual average precipitation in the northern district of the 
state is 51.23 inches, and in the southern district 51.47 inches. 
There have been wide variations from the annual average precipi- 
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tation. In 1900 the average for the year was 66.73 inches and in 
1904, the year of minimum rainfall and run-off, 39.58 inches. 

While the proportion of the rainfall which appears in the run- 
off of the streams varies between very wide limits, depending upon 
the geological formations, the locality, etc., im Alabama, on an aver- 
age, about 50 per cent of the rainfall is lost through evaporation, 
and the remainder forms the run-off of the streams; and curiously 
enough, only a small percentage of this run-off is supplied by the 
surface water alone, for most of it reaches the water courses by un- 
derground seepage. 

In the course of this underground circulation the water reaches 
the surface from springs, many of which are very large, such as those 
at Tuscumbia, Huntsville, and Jacksonville, which are the sources 
of the municipal water supply, from ordinary shallow and deep 
wells, and from artesian wells. 

The main channels in this run-off system are navigable all the 
year for boats of light draft, except the Tallapoosa and Coosa Rivers, 
and the canalization of the Tombigbee and Warrior Rivers, by the 
construction of seventeen dams and locks, has established water 
transportation from the Birmingham district to the gulf. A fleet of 
self-propelled barges of 1000 tons capacity each is now making 
regular trips between Tuscaloosa, Alabama, and New Orleans. 
Iron is also moving from Holt, north of Tuscaloosa, to the gulf by 
the water route. 

It may be said in a general way that the streams have their great- 
est fall in passing from an older to a younger geological formation. 
Tallassee Falls, on the Tallapoosa, and Wetumpka Falls, on the 
Coosa, are made in passing from the Crystalline to the Cretaceous. 
Those on Talladega Creek and other small streams in entering the 
Coosa Valley from the southeast in Talladega, Calhoun, and Chel- 
burne Counties, are from the Crystalline to the Paleozoic. The 
shoals above Centerville, on the Cahaba, above Tuscaloosa, on the 
Black Warrior, and near Tuscumbia, on the Tennessee River, are 
made in passing from the Paleozoic to the Cretaceous. As the Coosa 
River runs off of the Paleozoic onto the Crystalline near Talladega 
Springs, the shoals above this point reverse the general order by 
being made in passing from a younger to an older formation. 

The Crystalline area in Alabama is a plateau ranging from 500 to 
2000 feet above sea level, of triangular shape on the east side of the 
state. The rivers flow over bed-rock in a succession of shoals and 
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eddies between high hills, and present conditions most favorable to 
the development of water powers with high head. On the Talla- 
poosa River at Tallassee Falls, a head of 64 feet has been partially 
utilized for a number of years in the operation of cotton mills, and 
also a 40-foot dam about three miles above Tallassee is utilized for 
the generation of electric current which is transmitted to Montgom- 
ery. At Cherokee Bluffs, about 15 miles above Tallassee, a dam 
125 feet to 150 feet in height is contemplated by the Alabama Power 
Company. 

The falls on Coosa River, from Marble Valley to Wetumpka, are 
235 feet in 45 miles. During the past year a dam 60 feet in height 
has been completed at Lock 12 on this river, the hydroelectric power 
developed at this site being transmitted to the Birmingham district. 

The Paleozoic area includes the greater portion of northern Ala- 
bama, being bounded on the southeast by the Crystalline area, and 
on the southwest by the Cretaceous and later formations of the 
Coastal Plain. The Paleozoic area is somewhat higher than the 
Coastal Plain, and slightly lower than the Crystalline area. Its 
rivers have considerable fall. There are many important creeks and 
many large limestone springs in this region. The area is rich in 
coal and iron, the most productive mines being in the drainage 
basins of the Cahaba and Black Warrior Rivers, the Cahaba River 
has a fall of 121 feet in 21 miles. The Black Warrior River above 
Tuscaloosa has a fall of 100 feet in 30 miles. The Tennessee River 
above Waterloo has a fall of 155 feet in 41 miles, 85 feet of which is 
in a distance of only 14 miles. 

The Coastal Plain is a large area in southern and western Ala- 
bama, covering about two-thirds of the state, and is underlain by 
Cretaceous and younger formations. In the upper portion of this 
area the streams are not sluggish. There are many streams that 
have a constant water supply and sufficient fall for the development 
of good water powers. One of these is the Pea River, the main 
tributary of the Choctawhatchee River, on which a dam giving an 
effective head of 31.4 feet has been constructed and the power de- 
veloped is being transmitted electrically to Troy, Alabama, 32 miles 
distant. 

Birmingham’s principal source of water supply is derived from the 
Cahaba River, on a branch of which—the Little Cahaba—a large 
impounding reservoir has been built. 

The dams on the Warrior are utilized at present only for naviga- 
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tion, although efforts are being made to utilize the power at Lock 
17 in connection with large impounding reservoirs to be built on the 
Mulberry Fork of that river. 

Only a beginning has been made in the development of the great 
water power resources of the Alabama rivers. The largest available 
powers remain undeveloped. Of the nine plants now in commission, 
the Dadeville, Sylacauga, and Goodwater plants are municipally 
owned; the other hydroelectric plants are the state convict depart- 
ment’s plant at Speigner, the Etowah Light and Power Company, 
near Gadsden; the plant at Lock No. 12 on the Coosa River owned 
by the Alabama Power Company; the Montgomery Light and Power 
Company, above Tallassee Falls; the Pea River Power Company, at 
Elba; and the Centerville Light Company, near Centerville. 

While only a beginning has been made in the development of hydro- 
electric powers in this state, numerous power sites have been utilized 
ever since the state was settled, for manufacturing purposes, such 
as the operation of cotton mills, cotton gins, grist mills, saw mills, 
etc. In the Geological Survey of Alabama Reports will be found 
a list of 987 utilized powers on Alabama streams. 

It is therefore seen that this state is abundantly supplied with 
large water courses, with many beautiful tributaries having branches 
reaching every part of the commonwealth; and that numerous im- 
pounding basins have been constructed during the past century, 
mostly for manufacturing purposes, while more recently large dams 
have been built either to aid navigation or in connection with hydro- 
electric developments. 


IMPOUNDED WATER IN RELATION TO PUBLIC HEALTH 


The waters referred to in this paper are those caused to be tem- 
porarily stored by dams on Alabama streams, in which running 
water will always be found and by reason of which fact there is 
practically always a forward or downstream movement of the water 
impounded. 

In the case of the pool above Lock No. 12 dam on the Coosa 
River—the back waters of which extend upstream about 30 miles— 
there is a complete renewal of the impounded water every five days 
during normal stages of the river. 

Whether the effect of a dam constructed in any locality is to les- 
senor increase the healthfulness of the community contiguous to the 
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lake or pond created by the dam, is a question which can only be 
determined by careful topographica! and biological surveys of the 
site and neighborhood before and after. its construction. It is first 
necessary to ascertain the change in physical conditions before any 
conclusion can be arrived at. The primary purpose of the survey 
is to determine: 

1. The influence impounded waters exert on the health of the 
surrounding community. 

2. The conditions which affect this influence favorably or other- 
wise for good or for ill. 

3. The measures to be taken to minimize deleterious effects and 
to increase to a maximum the beneficial effects. 

The importance of the problem can be readily understood since 
it concerns the impounded waters of many of the large power and 
manufacturing plants now utilizing water power. 

While nearly all of the litigation at present in the Alabama courts 
relating to the influence of impounded waters is in connection with 
the incidence of malaria, there have been many cases involving the 
pollution of water in ponds and of streams by emptying into them 
sewage, manufacturing wastes and mine waters. 

In the Southern Reporter, volume 60, will be found the Alabama 
Supreme Court decision, January 16, 1913, in the case of W. H. Hos- 
mer vs. Republic Iron and Steel Company. 

Several years ago the Republic Iron and Steel Company built a 
small dam across one of the tributaries of the Warrior River, at a 
place called Greeley, in the northern part of Tuscaloosa County, 
to impound water for use at its ore mine. During the dry season 
there is very little running water in the branch on which this dam 
was built. 


The facts made by the complainant are that, for a long time previous to 
the grievance complained of, he occupied and resided with his family, includ- 
ing intestate, who was his son, upon a piece of land near Greeley and that 
after plaintiff’s residence and occupation upon said land had commenced, the 
agents and employees of defendant acting for it . . . . dammed up 
certain water and thereby created alake of water . . . . near his resi- 
dence, being so close thereto as to affect his health and the health of his said 
family, andtheenjoyment of his residence. It is then alleged that defendant 
was engaged in the development of iron and other minerals, and had caused 
said lake or pond to remain there for a long time and had placed or caused 
to be placed in said pond various substances, which are named, and thereby 
caused or allowed said water or lake to give off and out foul and unwholesome 
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and noxious air and caused said premises on which plaintiff resided to become 
unhealthy, causing plaintiff’s boy to become sick so that he died; and plaintiff al- 
leges that said sickness was proximately caused by the wrongful act or omission 
or negligence of defendant as aforesaid in building, maintaining or construct- 
ing said pond. . . . . The demurrers were that the causeof actiondid 
not survive to the personal representative and that the damages claimed did 
not survive. That there was nothing to show that plaintiff intestate was the 
owner of the land or had any possessory or leasehold interests therein; that the 
damages claimed were purely consequential and that no right of action was 
shown. 

The Court held: The effect of the complaint is to aver that the death of 
the plaintiff’s intestate, on account of which he sues, was caused by an issue 
of foul, unwholesome and noxious air from a pond which defendant corpora- 
tion constructed in the neighborhood of his residence, where intestate, his 
minor child, livedwith him. . . . . We are not required to know how 
plaintiff will prove the causation alleged; but accepting the allegation as true 
and provable on demurrer, there will be no question but that it shows damage 
peculiar to intestate, not merely in degree but inkind. . . . . Itisob- 
vious that to maintain an action for injury affecting the value of the freehold 
the plaintiff must have a legal estate. But if noxious vapors and the like 
cause sickness and death to one who has a lawful habitation in the neighbor- 
hood, no sufficient reason is to be found in the accepted definition of nuisance 
nor in the policy of the courts which would discourage vexatious litigation, 
nor in the inherent justice of the situation, as we see it, why the person in- 
jured, or his personal representative in case of death, should not have repara- 
tion in damages for any special injury he may have suffered, although he has 
no legal estate in the soil. Certainly a child has the right to live under his 
father’s roof—is a lawful occupant of his father’s home and in our opinion he 
should be accorded the same measure of protection against the construction 
of nuisances in the neighborhood which are so noxious and long continued as 
to materially affect his physical well being. 


In the building of dams and the impounding of water for manu- 
facturing purposes in this state, except in saw mill projects, it has 
not been considered worth while to even remove saw timber within 
the submergence areas. Experience has shown that in a year or two 
after submergence or partial submergence the timber dies; the limbs 
and tops first fall and with the seasonal floods are carried away. 
Within a few years the trunks fal] and disappear in the same man- 
ner. Thus by these natural processes the areas of these impounded 
waters are cleared, and the banks below the normal water level are 
made free from vegetation. These conditions may be observed in 
all parts of the state. 

About six miles west of Troy, on the south side of the Atlantic 
Coast Line Railway, there was built about five years ago a fish pond, 
by impounding the waters of Mill Creek. At the dam the pond is 
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approximately a quarter of a mile in width, and the pool extends 
upstream for a distance of about one mile. The timber, of which 
there was a considerable amount of second-growth pine, was allowed 
to stand. All the partially submerged timber except a little bay and 
magnolia died during the first summer after submergence, and most 
of the timber has fallen. The pond is not an attractive place from 
an aesthetic viewpoint, but for fish it is excellent. There are some 
places around the fringes of this pond where the water backs over 
flat surfaces producing conditions favorable for the breeding of mos- 
quitoes, but the relative area of these overflowed places is very small 
compared with the large areas of swamp land permanently submerged 
by the pond. This pond has resulted in the creation of a combined 
pleasure and health resort out of what was formerly a malarial 
swamp. In the building of this pond, as in all other projects for 
utilizing the waters of the state, the question of effect upon public 
health was not raised until the suits against the Republic Iron and 
Steel Company were filed, of which mention has already been made. 

In 1910 the state of Alabama began the construction of a dam 
across the valley of Mortar Creek, at Speigner, Alabama, at which 
place is located the state cotton mill operated with convict labor. 
The state owns about 3500 acres at Speigner, and the Mortar Creek 
bottoms include about a thousand acres of the state property. These 
lands were covered with a dense growth of timber, little of which 
was suitable for manufacturing purposes, and the lands even if cleared 
would not have been suitable for cultivation, being for the most part 
swamp and overflow lands. This tract being located practically in 
the center of the state’s property was a menace to the health of the 
community. It was a veritable mosquito heaven. 

A dam nearly a mile in length across the valley has been com- 
pleted and a lake of 800 acres in area created. All the standing 
timber within the submerged area has been removed. The power 
created by this development is now being utilized to operate the 
electric light system, water works plant, grist mill and for part of 
the year to operate the cotton mill. The work was all done with 
convict labor. The permanent submergence of those 800 acres of 
swamp land has added greatly to improved public health conditions 
in that vicinity. 

In order to be able to carry the water level of the Speigner dam 
to the desired height, it was necessary for the state to acquire about 
75 acres of privately owned lands. Being unable to negotiate for 
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these lands, condemnation proceedings followed. The state con- 
tested the price fixed by the commission for the condemned land, on 
the assumption that the land appropriated was waste and unculti- 
vatable property, and that the remaining portion of contiguous 
lands would be increased in value by reason of the state’s construc- 
tions, being made more healthful and habitable. In this view, the 
state health officer concurred, and was a witness for the state. 

In the canalization of the Tombigbee and Warrior Rivers the 
United States government has built in all 17 locks and dams. Lock 
No. 1 is located on the Tombigbee 111 miles above Mobile, and 
Lock No. 17 is located on the Black Warrior 388 miles above Mo- 
bile. The backwater above Lock 17 extends up the Locust Fork of 
the Warrior to a point 425 miles above Mobile, and on the Mulberry 
Fork to a point 444 miles above Mobile, the confluence of these forks 
being 408 miles above Mobile. In addition to the pool extending 
53 miles up these two main forks of the river, the backwater above 
Lock No. 17 extends up small tributary streams for a total distance 
of about 20 miles. The total distance, or length of the pool above 
Lock No. 17 created by the 63-foot dam, is 93 miles. Outside of 
the natural banks of the river and its tributaries, about 3500 acres 
of land has been submerged. In the construction of this lock and 
dam no effort has been made by the government to cut the timber 
that has been submerged. 

In all the improvement work on the Tombigbee and Warrior 
Rivers, the only timber removed was that which might obstruct 
navigation. This is the same policy that has been followed in the 
construction of the Panama Canal. 

So far as records are available, and from the testimony of many 
physicians whom the writer has interviewed, the year 1900 was the 
most unhealthful along the Warrior River from Tuscaloosa to 
Demopolis. In the late summer of that year malaria was epidemic 
not only along the Warrior and Tombigbee bottoms, but extended 
far back into the neighboring country and higher lands. Malaria 
prevailed in fact in all parts of the state. 

At that time there were no completed locks. The dams were 
in course of construction, but the waters in both rivers had an un- 
obstructed flow. During the summer there were two exceptionally 
high stages of the rivers, causing streams everywhere in the state 
to overflow their banks, and to spread over vast tracts of land in the 
Coastal Plain. The heavy rainfall of that season undoubtedly cre- 
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ated numerous favorable breeding places for mosquitoes, which ordi- 
narily do not exist. 

Assuming that the unprecedented rainfall of the summer of 1900 
explains the unusual amount of sickness in the autumn of that year, 
yet the fact remains that since these two rivers have been completely 
canalized, there has been less and less malaria each succeeding year, 
and the health conditions along both rivers have steadily improved. 

The impounded waters in the Birmingham district include a res- 
ervoir on the Five Mile Creek and a reservoir on the Little Cahaba 
River which are used as sources of supply by the Birmingham Water 
Company and are estimated to have during drought a combined 
capacity of 42,500,000 gallons per day. An excellent system of treat- 
ment and filtration is employed before these waters are served to 
the public. 

In addition to the above reservoirs, the Tennessee Coal, Iron and 
Railroad Company built for manufacturing uses an impounding res- 
ervoir on Village Creek near Ensley, capable of furnishing daily 
50,000,000 gallons in dry seasons. Artificial lakeshave also been built 
at East Lake and West Lake near Birmingham. The sites of all 
these impounding basins were cleared of standing timber to the 
water line before submergence. 

Tuscaloosa is the only city outside of Birmingham in Alabama 
drawing its public water supply from a large impounding basin, the 
supply being obtained from the pool caused by Lock No. 12 Warrior 
River. 

When the Spring Hill pumping station of the Mobile water works 
was built in 1900, a dam across Three Mile Creek was constructed, 
which created a shallow pond submerging several acres of dense 
vegetation. Superintendent M. F. Sullivan in his report, dated 
Mobile, March 15, 1915, says: 


In my report to the mayor and general council on May 15 I recommended 
that the dam across Three Mile Creek at the pumping station be opened up 
and a new spillway be constructed, the crest of which would be on the same 
elevation as the normal water surface of the creek, thereby eliminating the 
pond feature of our water supply, as same had not been cleared of all vege- 
tation, top soil, etc., and the capacity of the creek being sufficient to supply 
the future demands for several years, no storage of water was necessary. But 
before anything was done in the matter the unprecedented rainfall of June 
26 (12.67 inches in 24 consecutive hours) caused an enormous rise in the creek, 
and the 50-foot spillway provided for the escape of only a small portion of the 
storm water, and as a result the water soon washed out about 150 feet of the 
dam and also the old spillway. 


IMPOUNDED WATERS OF ALABAMA 667 


The above enumeration covers the list of impounded waters in 
Alabama. It will be seen that only two cities derive their public 
water supply from impounding basins and these supplies are mechani- 
cally treated before being used. 

The relationship of impounded waters in Alabama to public health 
is therefore limited to the influences they may have other than 
through water borne diseases such as typhoid, para-typhoid or para- 
colon fevers, cholera, etc., and may be studied in their relationship 
with reference to 

1. Humidity and changes in hygrometric conditions. 

2. As a source of foul or deleterious odors. 

3. As breeding places of mosquitoes. 

The complex relations of humidity and evaporation make it prac- 
tically impossible to compute, with any degree of accuracy, evapora- 
tion over an extended surface of a water shed or drainage area—or 
to ascertain the effect on humidity in the various river basins, due 
to the comparatively minor changes in the surface conditions caused 
by clearing of timber lands or adding to the exposed water surfaces 
by the construction of impounding basins. The average annual 
relative humidity from Mobile to the gulf is over 80 per cent and 
for the rest of the state from 70 to 80 per cent. A given air space at 
a given temperature can contain only a definite amount of water. 
If it contains less it will endeavor to fill up by evaporation; if it 
contains more the surplus moisture will condense. The higher the 
temperature the more moisture it takes to saturate the air. 

The experiments of Desmond Fitzgerald on evaporation from 
water surfaces (see Trans. Am. Soc. C. E., vol. xv, p. 581) show that 
evaporation depends upon three elements: The vapor pressure cor- 
responding to the temperature of the surface of the water; the vapor 
pressure corresponding to the dew point of the atmosphere, and the 
velocity of the wind. 

For the five months, June to October inclusive, the probable aver- 
age daily evaporation from exposed water surfaces in Alabama is 
about 0.16 inch and the average rainfall throughout the state ap- 
proximately equals in depth the amount of evaporation from the 
water surfaces for the year. 

Since the absolute humidity decreases rapidly from equator to the 
poles but decreases more rapidly in the interior of the continents 
than over the oceans, it is evident that even the relative humidity 
in any section of the state which is highest at night and lowest in 
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the hottest part of the day, can be but slightly influenced by changes 
in the areas of natural water surfaces since these areas are insignifi- 
cant compared with the ocean surfaces from which the atmosphere 
draws its chief supply of moisture. Furthermore the areas of the 
water surfaces of the impounded streams in many of the canaliza- 
tion projects have been but very slightly increased because of the 
steep natural slopes of the banks. The total areas of these im- 
pounded water surfaces compared with the land areas are exceedingly 
small. It is therefore evident that the impounded waters have little 
or no effect upon the normal humidity or atmospheric conditions in 
their vicinity. 

2. (a) As a source of foul or deleterious odors, impounding reser- 
voirs will be considered into which vegetable, animal or mineral 
matter is transported as in the Village Creek reservoir of the Ten- 
nessee Coal, Iron and Railroad Company already referred to and a 
more complete description of which will be found in the article on 
“Water and Air Movements,”’ by Mr. W. F. Wilcox (PROcEEDINGS 
or AMERICAN WATER Works AssociATION, 1913, p. 310). When 
this reservoir was originally planned, fears were entertained that at 
some 


future time it might become so filled with putrescible matter as to be objec- 
tionable, causing sickness to the adjacent population. It was therefore de- 
termined to take all possible precautions during construction, and to keep 
daily observations of all physical conditions and to make periodical examina- 
tions. 


A pipe line 8 miles long was constructed to remove waste from a 
by-product plant; a sewage disposal plant was put into service to 
treat sewage reaching the reservoir and at coal mines and washers 
settling arrangements were constructed; from the reservoir basin 
vegetable matter was removed before the water was impounded. 
These precautionary measures were undertaken because this im- 
pounding reservoir is strictly a conservation proposition and during 
periods of drouth there will be a considerable draw-down on the 
basin and no overflow. The waste from the by-product plants and 
mines carried around this reservoir, empty into Village Creek below 
the dam and are emptied through this creek into Locust Fork in the 
pool created by the dam at Lock No. 17 Warrior River. This last 
mentioned impounding reservoir is the largest: in the-state and re- 
eeives into its waters the manufacturing wastes of the Birmingham 
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district, the mine wastes of the Warrior coal fields, the vegetable 
and animal wastes of a drainage area of approximately 4000 square 
miles and the human wastes of a population of about 200,000. Not- 
withstanding all these polluting influences the pool caused by Lock 
and Dam No. 16 immediately below this pool has never emitted foul 
odors except during the first fall season after its completion; the 
odors at that time being due to the decomposed land flora which 
had been submerged in the reservoir itself. 

It is likely that the same odors from decomposing vegetation will 
be noticed this fall around the margins of the reservoir caused by 
Lock and Dam No. 17. 

So far as records are available, the impounding reservoirs in this 
state, into which animal, vegetable or mineral matter is transported, 
have not been the source of foul or deleterious odors, except when 
the waters were first impounded. 

(b) Whipple says (“Microscopy of Drinking Water,’ p. 186): 
‘Almost all surface waters have some odor. Many times it is too 
faint to be noticed by the ordinary consumer, though it can be de- 
tected by one whose sense of smell is carefully trained.” This state- 
ment is undoubtedly true with reference to the impounded waters 
of Alabama during the late autumn, when decaying vegetation of 
the catchment and on the littoral is carried into the reservoirs. These 
odors may be unpleasant occasionally, but in the basins herein con- 
sidered by reason of the dilution due to the large bodies of water, the 
almost constant forward or downstream movement of the waters, 
and the frequent rains causing freshets, the odors can not be said 
to be especially disagreable or offensive. It is not conceivable that 
these odors could in any way be detrimental to public health. 

3. As breeding places for mosquitoes. 


MALARIAL FEVERS 


Prevalence and Geographic Distribution in Alabama 


The first available statistics which were studied were of the admissions of 
cases into the United States Marine Hospital at Mobile during the 10 years 
1902 to 1911, inclusive. (See Public Health Reports, vol. XXVII, No. 52, 
Dec. 27, 1912, by Surgeon R.H. von Ezdorf.) Available statistics at the office 
of the Alabama State Board of Health begin with the year 1910, but are quite 
imperfect for the years 1910-1913 inclusive. This incompleteness of records is 
due to the failure of the physicians of the state to make the reports. In his 
1912 report Surgeon von Ezdorf arrives at the following conciusions: 
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1. All forms of malarial fevers prevail in the state of Alabama. 

2. Morbidity reports indicate that in September, 1912, about 1 person for 
every 50 population suffered an attack of malarial fever, and during October 
1 person in 67 had an attack. 

3. The types of infection, in order of preference, are: Tertian, esto-au- 
tumnal and Quartan. 

4. The chronic type of malarial infection is proportionally greater in the 
colored race than in the white. 

In every county in the state the reports state that there are swamps or 
poorly drained lands. Mosquitoes were reported as present in all counties for 
which information was given on the subject. 


The same authority (see Public Health Reports, vol. 29, No. 18, 
May 1, 1914,) states that 


The regions in the state in which malaria prevails to the greatest extent are 
apparently in the Tennessee Valley belt, which extends across the northern 
part of the state, and also in the central prairie region known as the ‘‘ Black 
Belt.” 

The morbidity reports indicate that the disease exists in every county in 
the state, the tertian type being most prevalent. 

The reported deaths from malarial fevers total 434 for the year 1913, which 
is equal to 2 per cent of the reported deaths from all causes, and is at the rate 
of 20.3 per 100,000 population. 


The United States Public Health Service is now engaged in an 
investigation of the prevalence and geographic distribution of ma- 
larial fevers in the states of Alabama, Arkansas, Mississippi, South 
Carolina, Georgia, Florida, North Carolina and Tennessee. For the 
year 1913 cases were reported from every county in the states of 
Arkansas, Alabama, Mississippi; all counties in South Carolina and 
Florida, except one in each state, from which no reports were re- 
ceived, and in 138 counties of the 148 in Georgia. August and Sep- 
tember are the months of greatest prevalence in all these states. 


MALARIAL SURVEYS 


The United States Public Health Service made malarial surveys 


in selected localities during 1913 in the states of Arkansas, Alabama and North 
Carolina, in which the topographic and climatic conditions of the locality, 
and social, hygienic and economic conditions of the communities and indus- 
tries were studied. (See Reprints Nos. 156, 160, 172 and 193 from Public Health 
Reports. ) 


Dr. H. R. Carter, Senior Surgeon, United States Public Health 
Service, in charge of the surveys in North Carolina, read a paper on 
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“The Effect of Impounded Water on the Incidence of Malaria” be- 
fore the meeting of the Southern Medical Society at Richmond, 
Virginia, November 9, 1914, in the introduction of which he says: 


Last fall a new problem was presented to me—the effect of large bodies 
of impounded water on the production of malaria. It was interesting; it 
was important andit wasnew. . . . . Of its importance there can be 
no question, as it is especially concerned with the large ponds of the power 
plants of the South; to which plants this country is looking for no little part 
of its future development. I was looking over a map of the Southern Electric 
Co. and a reasonable estimate of the cost of the plants there given as in opera- 
tion would exceed $150,090,000 and as many projected. . . . . If these 
plants, or rather the ponds of these plants, are a serious menace to the health 
of the community, either they must not be allowed, or can only be allowed 
by rendering unhealthful, or even uninhabitable, a considerable area adjacent 
tothem. In either case the loss involved is a very serious one, and the prob- 
lem is certainly new. 


Dr. Carter’s paper read at Richmond and his report to the gov- 
ernment published in Public Health Reports, vol. 29, No. 52, Decem- 
ber 25, 1914, on ‘Impounded Waters,’”’ were the pioneer papers on 
the subject, contributing largely to our present knowledge of the 
effect of large bodies of water confined by artificial structures on 
public health, and indicating the character of surveys and investi- 
gations which should be made to obtain a broader knowledge of 
the subject. 

A study of the impounded waters on the Coosa River in Shelby, 
Chilton, Talladega and Coosa Counties, Alabama, was made by Mr. 
J. A. Le Prince, sanitary engineer, United States Public Health 
Service, during the months of October and November, 1914 (see 
Reprint No. 257 from Public Health Reports), also of the same reser- 
voir by Mr. J. V. Donley, Sanitary Engineer of the Board of Health 
of Alabama at the same time the investigations were being made by 
Mr. Le Prince. (See “Impounded Waters,” by J. V. Donley, 
Board of Health of Alabama Report.) 

During the period of the above investigations (October and No- 
vember, 1914,) the writer spent about two weeks with local physi- 
cians in the same counties, making a special investigation of the 
sanitary conditions not only in the neighborhood of those homes 
near the reservoir but in many cases distant several miles from the 
pool. 

The investigations which were inaugurated in the fall of 1914 will 
be continued during the present year by the United States Public 
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Health Service and doubtless by the State Board of Health of Ala- 
bama, with the object of determining (1) the influence of such 
waters on the incidence of malaria; (2) what conditions affect this 
influence for good or for ill; and (3) what measures can be taken to 
minimize the ill effect of such waters and to increase to a maximum 
their good effect. 

The investigations during the fall of 1914 and those which are 
now proposed by the United States Public Health Service on the 
Coosa River basin, were doubtless inspired by the numerous suits 
(700) filed in the four county and circuit courts in which the reser- 
voir is situated, for alleged damages due to the creation of this lake 
-above Lock and Dam No. 12. 

Since the dam was built in strict conformity to plans approved 
by the war department, the pool created by it becomes part of the 
national government’s project for the improvement of navigation on 
that river, the power company incidentally utilizing the power cre- 
ated by the dam, has no authority in any way to change the level of 
the lake determined by the crest of the dam now built, except in 
so far as it may be permitted to draw down the lake level to a point 
that will not interfere with navigation or the operation of the locks 


when installed. 
Mosquitoes 


It has been proven beyond a doubt that: 

1. Mosquitoes carry malaria from man to man. 

2. That the disease can be contracted in no other way than by 
being bitten by malaria-carrying mosquitoes. 

Just how many kinds of mosquitoes there are in the world today 
nobody knows. Distributed as they are, there are large areas in 
which the mosquito fauna is not known, and will not be for years to 
come. One of the greatest authorities (F. V. Theobald) states that 
the number of species will not be less than 1000. At present the 
known species are grouped in about 50 genera. Male mosquitoes, 
with probably rare exceptions, do not bite—only the females do. 

The most common mosquito in Alabama is the Culex impiger, or 
common house mosquito, which has been reported from Alaska and 
is found in all the Southern States. 

The Stegomyia calopus, or yellow fever carrier, is universally dis- 
tributed over Florida and probably Alabama, having been identified 
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in 14 counties in 1913 from specimens received at the Marine 
Hospital at Mobile. | 

Everybody knows that the mosquitoes of the genus Anopheles are 
responsible for the transmission of malaria. The Anopheles puncti- 
pennis, the most common species in Alabama, is not however a car- 
rier, or has not to the present time been shown to be a carrier. The 
A. quadrimaculatus and A. crucians are probably the chief carriers 
in Alabama. 


Breeding Places of Anopheles 


All mosquitoes breed in water and in Alabama probably at all 
times during the year, the intensity of development corresponding 
to temperature conditions, the greatest activity following the high 
temperatures of the late summer and fall. A study of the topog- 
raphy of Alabama shows there are breeding places in all parts of 
the state which may be designated as those of a “constant” and 
those of a ‘‘temporary” character. Those of a constant character 
are places found along poorly drained creeks, cane and cypress 
brakes, marshy places in woods and along river banks, ditches con- 
taining water at all seasons with grassy banks. The marshy places 
about springs and along small branches and creeks with wooded and 
grassy banks probably furnish the most favorable conditions for 
breeding even during the winter months. In such places larvae of 
the Culex and Anopheles were found in November and in February 
of the present year. On April 11 larvae of Culex were procured in 
great numbers in a spring fed grassy pool in a ravine near Lock No. 
10 Warrior River, some of which hatched on April 18. Larvae 
from another pool near by obtained by the writer on April14, hatched 
on the 19th of April. 

It is evident that in these protected pools eggs or larvae have been 
present during the winter as well as mosquitoes in the immediate 
vicinity. The protection of the wooded grounds, evergreens and 
warmth of the spring waters, make such places ideal winter resorts 
and permanent abodes for the mosquito. The pools above men- 
tioned are certainly complete breeding places, i.e., places developing 
imagos from eggs deposited at that place. 

Temporary breeding places are found in poorly drained ditches, 
gutters, barrels, tin cans, bottles, hoof-prints of stock, pools in roads, 
or in water courses that dry out in a short time unless refilled. Such 
places may become for the time being a complete breeding place. 
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A place may be designated as incomplete when, although eggs are 
deposited there, yet imagos are not there developed from them, as in 
a creek or river completely scoured out by a freshet, all larvae being 
removed and either drowned or carried elsewhere. Such a creek 
may supplement an incomplete breeding place as a bayou or the 
backwater at creek’s mouth transporting larvae that find shelter 
in the floatage sometimes found in such places. 

In the investigations by the writer in Shelby, Chilton, Coosa and 
Talladega Counties, Alabama, in October and November, 1914, An- 
opheles larvae were obtained at or in the vicinity of practically all 
of the homes inspected and it was only necessary to locate standing, 
quiescent water to find them. Specimens were obtained from many 
wells from which water was drawn by buckets attached to ropes, 
from springs in the hollow and on the hillside, in the marshes and 
quiet waters along the banks of rivulets and small streams, pools in 
roadways. In fact wherever quiet water could be found, except in 
occasional places that had been heavily oiled, specimens were ob- 
tained. 

The shores of the Coosa River were carefully examined in many 
places. Only at springy places along the shores and above the lake 
level and at the mouths of creeks in the dead water or at the head 
of backwater in bayous were we able to procure larvae, few of which 
were Anopheles. At no place were we able to procure or to see 
larvae in large numbers. 

The writer was strongly impressed from observations made at 
that time and since, that the large streams with their impounding 
basins are not the important breeding places of mosquitoes in this 
state. It is true that eggs and larvae are transported into these 
streams and a percentage, probably small, mature and survive. Some 
favorable places for breeding will be found such as have herein- 
before been indicated; but these areas are relatively small compared 
with the natural and complete breeding places that have been per- 
manently submerged. The writer believes when the facts are better 
known and the problem is more fully worked out, malaria control 
will become largely one of local sanitation and drainage. Malaria 
will then be largely prevented or eradicated by measures applied at 
or near the home. 


Natural Enemies 


The deep waters, wave action and currents of the impounding 
reservoirs described make such waters unfavorable places for the 
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breeding of mosquitoes. In the larval and wiggler stage, they have 
many enemies; minnows eat them, the larvae of dragon flies, beetles 
or mellow-bugs eat them, “disease attacks them, fungi get on them 
and kill them;” they die for lack of food, they devour each other, 
they get entangled or under leaves and drown, the water dries up and 
in this way millions perish before they are grown. Many perish 
while emerging from the pupa by reason of the capsizing of the cast- 
off skin serving as a boat. 

Those that do hatch successfully meet new enemies among dragon- 
flies, bats, lizards, toads, frogs, night hawks and a host of other 
enemies. 


SURVEYS NECESSARY 
United States Government Surveys 


The purpose of the United States Public Health Service Surveys 
now in progress has been already described. 

In connection with the construction of Dam and Lock No. 17 on 
the Warrior River field work and surveys had been carried out prior 
to the completion of that work as follows: 

Bench-Mark levels from ‘“mean-tide’” Mobile Bay were estab- 
lished and extended from Lock No. 16 up the river beyond and above 
the backwater on both Mulberry and Locust Forks. 

Complete topographical maps with 5-foot contour intervals were 
made from surveys covering the entire basin of submergence. 

The surveys are usually made to the tops of river banks, but in 
some cases have only been extended for one contour above pool level. 

Careful and detailed topographic and geological surveys of the sites 
for locks, dam and appurtenances which receive the careful study 

and investigation which their importance demands. 

' In making the traverse of the banks and bed of the Warrior and 
its tributaries, all lands liable to submergence were carefully mapped, 
tied in with section corners, and in many cases were photographed. 
Some cultivated lands have been submerged. Property of this kind 
received the most careful attention on the part of the government 
engineers, photographs being made of all structures, and of various 
divisions of the land, three photographs from different viewpoints 
being taken of each structure or piece of land. 

Outside of the sites for dams and locks, the government purchases 
little land until after the completion of the work of actual submer- 
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gence of the same. Along the navigable streams the ownership of 
the banks is often a mooted question, because of the difficulty of 
establishing high, low and normal flow lines. 

While it is the policy of the government to be fair and even lib- 
eral in its acquirement of such lands, frequently the small and ig- 
norant property owner becomes the victim of unscrupulous lawyers 
and land grabbers. These rascals go to such owners and tell them 
that the government intends to submerge a large part of their land; 
that they can not sue the government, and that the balance of their 
land will be uninhabitable after the dam is completed on account of 
malaria, etc. By such misrepresentations lands have been recently 
sold around the pool created by the dam at Lock No. 17. These 
lands are all underlaid with coal, and in most cases the mineral 
value per acre far exceeds the surface value. 

In view of the vast interests involved in connection with the con- 
struction of these impounding reservoirs, including the questions of 
public health, regulation of stream flow and navigation, utilization 
and conservation of natural resources, security for investors and all 
other economic questions, the importance of systematic physical 
and zoélogical surveys of the site and neighborhood of any proposed 
impounding basin must be apparent. 

Such surveys have not been made in the past or in connection with 
any known basin so far as the writer is informed. Had such inves- 
tigations been made before the building of a number of large dams in 
this state and in the Carolinas the litigation pending would have 
been avoided. 

Dr. Carter says: 


Since we wish to determine the whole effect of the pond on the production 
of malaria, we must compare the condition which existed before the pond was 
made with that which exists afterwards. If the malaria which the pond pro- 
duces be counted a debit, the malaria it prevents must be counted a credit. 
It is the change in conditions we would know. 


The physical survey should include all the field work required for 
the production of a complete record of the topographical, geological 
and botanical characteristics of the site intended to be submerged 
as well as the surrounding neighborhood. 

The maps of these surveys should be made under the direction of 
an expert cartographer familiar with the methods of map construc- 
tion and the conventional signs commonly employed. He should 
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be possessed of such actual knowledge of map making as is only 
gained by practical experience in field surveying of this class. He 
should be able to distinguish between the quality and value of the 
various symbols. These maps should clearly show the location of 
all pools, marginal wet lands or actual breeding places and the areas 
of such places together with the location of all temporary or perma- 
nent breeding places on tributary streams or neighboring lands. 

The physical survey of the site should include careful investiga- 
tions to determine whether the places examined are such as would 
make them favorable breeding places for Anopheles, and if so, are 
they so situated as to produce malaria; to determine what places are 
actually breeding malaria-vectors; to make a careful survey of all 
residences close enough to be influenced by any proposed construc- 
tions; the distances from such residences and any obstacles between 
the place examined and such residences; character of the water, 
vegetation, protection against wave action, floatage, proximity of 
blood supply, ete. 

The Zodélogical Survey will take account of whether Anopheles or 
other mosquitoes are found breeding in any place and to what ex- 
tent; the species of Anopheles, whether or not a malaria-vector; 
the presence of fish and other aquatic enemies; a careful study of 
and classification of Anopheles or other mosquitoes found about the 
premises of adjacent residences to proposed site and in the neighbor- 
ing tributary streams or breeding places. 

The sanitary survey should include a careful investigation of all 
health records of all people living in the community or within reason- 
able range of the proposed reservoir including blood examinations 
and a complete malarial index of the neighborhood or community. 
In this connection it is believed there will be little trouble experi- 
enced in securing the active codperation of the board of health since 
the importance of these investigations is now so well understood. 


DISCUSSION 


Mr. W. F. Witcox: The speaker does not think discussion on 
the subject of ‘‘Impounded Waters” would be of any value te you 
unless you had at hand your data so as to show what the result was. 
We have a lake 7 miles long, varying in depth from zero to 80 feet. 
We keep close watch of this reservoir, having a chemist in charge 
who makes chemical analyses of the water, both mineral and bac- 
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teriological. We keep a record of the temperature of the water, 
taking this temperature at least once a week, also the humidity and 
the velocity of the wind. 

One of the difficulties that we have to contend with is that at the 
head of the lake about 6,000,000 gallons of sewage empties. That 
sewage has been filtered before it is turned into the reservoir. The 
amount of purification that will take place in an impounding reser- 
voir in such a case is remarkable. Our analyses show that as 
the water deepens and is allowed to run the purification is quite 
beyond our expectations. A discussion of impounded reservoir 
waters is not of any value unless you have detailed data. The 
speaker has such data for five years, and if any of you want any in- 
formation at any time, he will be very glad to answer your questions; 
but offhand discussion without detailed data he does not think is of 
any value. 

The speaker wishes to say that this reservoir that he has charge 
of is not for drinking water, it is for mechanical purposes; but we 
have been able to purify the water to such a degree that it meets 
the chemical and bacteriological standards. If it were not for the 
history of the water, we could easily palm it off as a very sanitary 
drinking water. 


PRESENT STATUS OF DISINFECTION OF WATER 
SUPPLIES 


By Francis F. LONGLEY 


The treatment of water by disinfection has had a remarkably 
rapid growth and has come to be a popular and widely known sub- 
ject. So much has been written and said upon this in the last few 
years that it is with some hesitation that the writer approaches the 
subject. In most phases of it there is danger of a great deal of repe- 
tition. There are a number of points, however, upon which recent 
occasion has arisen to make rather extended inquiry, and the follow- 
ing is intended to embody some of the results of this study. 

This information was brought together through the circulation of 
a large number of inquiries intended to cover the field of disinfection 
in reasonable fullness. A list of the water supplies in the United 
States and Canada, in which some method of disinfection was known 
or believed to be used, was prepared from all available sources. 
Although the hearty codperation of engineers, health officers and 
others was secured in a great many cases, there can be no assurance 
that the list was complete. 

The total number of inquiries sent out was about 240. Replies 
were received to about 110, or nearly half. These replies represent 
in the aggregate water supplies of somewhat more than 2000 million 
gallons per day. 

The information is given herein largely in statistical form, and, of 
course, relates only to the supplies regarding which replies were 
received. 

Some of the inquiries were directed at the less used methods of 
sterilization, such as ozone and ultra violet rays, but so little informa- 
tion in reference to these was forthcoming that the writer is not dis- 
posed to say anything further in regard to them herein than that 
their development is not far enough advanced at the present time to 
justify the expectation of success in the near future which will per- 
mit them to displace the use of hypochlorite and liquid chlorine to 
any considerable extent. 
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Of all the replies received about 80 per cent are stated to use, or 
to have used, hypochlorite of lime, and the balance liquid chlorine. 

About 75 per cent of the supplies regarding which information 
was received are river waters; about 20 per cent are from lakes, and 
the small remainder are ground waters. 

The first application of hypochlorite noted among the replies was 
in 1908, in which year disinfection by this means was begun at the 
Bubbly Creek plant at the Union Stock Yards in Chicago; at the 
Boonton reservoir of the Jersey City supply, and upon the munici- 
pal water supply of Poughkeepsie, New York. The several years 
following showed a rapid increase in the number of installations, al- 
though the records of 1913 indicate a falling off. The rates for the 
year 1914 are incomplete. Of the total installations regarding which 
replies were received, the percentages installed each year have been 
as follows: 

1909, 13 per cent, representing a total of 100 million gallons per 
day. 

1910, 14 per cent, representing a total of 450 million gallons per 
day. 

1911, 22 per cent, representing a total of 320 million gallons per 
day. 

1912, 22 per cent, representing a total of 710 million gallons per 
day. 

1913, 18 per cent, representing a total of 70 million gallons per 
day. 

1914, 8 per cent, representing a total of 265 million gallons per 
day. 

Some 37 per cent of the cities replying use a disinfection without 
other treatment. The balance use it as an adjunct to some treat- 
ment, in most cases filtration. In 57 per cent of those cases in which 
it is used as an adjunct to filtration, it is used as a final treatment. 
In 26 per cent it is used after coagulation or sedimentation and 
before filtration. In the remaining 17 per cent it is applied before 
coagulation and filtration. 

The data at hand do not give any reasons for the application be- 
fore coagulation. In general, an effective disinfection may be se- 
cured with a smaller quantity of hypochlorite if it is applied after 
rather than before filtration. It should be noted that the storage of 
chlorinated waters in coagulating basins and their passage through 
filters tend to lessen tastes or odors contributed by the treatment, 
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and this fact may in some cases account for their use in this way. 
Beyond this there is nothing in the moderate amount of bacterial 
data secured in connection with this work that enables us to general- 
ize upon the relative advantages of these different points of applica- 
tion. 

The cost per million gallons for the equipment required for this 
treatment varies widely and does not seem to bear any very close 
relation to the capacity. The cost per million gallons as stated, 
varies all the way from $4 to $2400. These variations are accounted 
for by the fact that designs for equipment of this sort vary widely. 
Some are the merest makeshifts, while others are elaborate. Some 
of the costs quoted include no building costs, while others include 
expensive structures. Taking the figures as they stand, as the data 
do not permit any further analysis, the total costs per million gal- 
lons are stated not to exceed $25 in 12 per cent of the supplies, $50 
in 30 per cent, $100 in 42 per cent, $250 in 67 per cent and $500 in 
87 per cent of the supplies about which information is available. 

The total cost per million gallons for the process also varies widely. 
By far the greater number of costs stated lie between 10 cents and 
50 cents per million gallons, the average for these being about 25 
cents. 

The information at hand indicates that the commonest construc- 
tion of tanks for hypochlorite is concrete. Some 67 per cent of the 
supplies stated that they had either concrete tanks or tanks of wood 
or iron relined with concrete. Something more than 20 per cent are 
of wood without lining. The balance are either wood with lead lin- 
ing, wood or iron with some protective or acid resisting paint, or 
porcelain lining. The liquid chlorine is universally contained in 
special iron cylinders. 

The piping seems in general to have been put together of the ma- 
terials most easily available, without regard to corrosion. Fifty-six 
per cent of the replies.indicate the use of iron pipe, either black or 
galvanized, 15 per ceat use lead pipe and about an equal number use 
brass. A few use lead-lined iron pipe, cast iron pipe, hard rubber, 
rubber hose, bronze or copper pipe. 

The same comments apply to the kind of valves and fittings com- 
monly used. Sixty-six per cent of these are of brass such as are 
usually found in stock. Some 14 per cent state that bronze valves 
and fixtures are used, but it is possible that some, if not most of 
these, upon further inquiry, might prove to be brass. A few use 
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iron valves or fittings and a few have fixtures made of vulcanite, 
rubber composition, lead, copper, glass, etc. 

The materials commonly used which seem to have shown the 
greatest resistance to the corrosive effects of hypochlorite are con- 
crete tanks, lead pipe and rubber composition. Several of the an- 
swers indicate that copper, cast iron and lead-lined iron pipes are 
used without corrosion and a number indicate, too, that brass and 
galvanized iron are used without corrosion. The evidence as to 
these two last materials, however, is contradictory, as other answers 
indicate considerable corrosion with galvanized iron and brass. It 
seems likely that the quality of the material and some peculiar local 
conditions may, perhaps, be determining factors in the corrosive 
effect upon these two materials. The results show the unmistakable 
corrosive effect upon wrought iron and also upon wood. 

Evidence has been found in the past of occasional large variations 
in the strength of commercial hypochlorite. In answer to an in- 
quiry on this point, only 29 per cent indicated that the strength of 
hypochlorite as purchased had been determined. That this is a 
point of considerable importance is indicated by the following figures: 

The maximum percentage of available chlorine stated was 42 per 
cent. Numerous others ran as high as 39 or 40 per cent. The 
minimum stated was 15 per cent, with several others less than 20 
per cent. The average strength was 33 per cent. In two cases the 
maximum percentage strength noted is as large as 2} times the 
minimum strength. These variations in quality in the commercial 
hypochlorite are significant, and it is obvious that the strength should 
be determined and a correction made in the application, if necessary, 
if the best results are to be secured. 

The low cost and the ease of application of disinfection to water 
supplies have caused its introduction in a great many places where 
the records of mortality or morbidity from such diseases as typhoid, 
which can be used as indicators of the benefits derived, are already 
so low that no striking improvement can be expected therein. Ina 
large percentage of the cases it seems clear that the application was 
as a precautionary measure. This fact makes it less easy than might 
be expected from the large number of cities and towns making use 
of disinfection to present statistics showing actual benefits resulting 
therefrom. Among the large number of communities from which 
information was obtained, about 75 per cent failed to indicate that 
any improvement in typhoid or other health condition had resulted. 
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Many of these indicated that no such improvement had been ex- 
pected. In some cases where there has been an improvement, it is 
difficult or impossible to discriminate between the effects of disin- 
fection and of filtration. 

The following statements show improvements that have resulted 
in a number of places: 

In Cleveland, Ohio, the chlorination of the water supply started 
in September, 1911. In the six calendar years prior to this the ty- 
phoid death rates had varied from 13 to 20.2, with an average of 
16.5 per 100,000. In the three calendar years following, the typhoid 
death rates were from 6.2 to 13.5, with an average of 9.2 per 100,000. 

In Yonkers, New York, the analyst in charge of the water supply 
states that prior to the use of hypochlorite, but with the water fil- 
tered through sand filters, two epidemics of dysentery were recorded 
at times when the water was unusually high in bacteria. Disin- 
fection by means of hypochlorite was put in use early in 1910. Since 
that time there have been no such excessive bacterial counts and no 
corresponding epidemics of dysentery. 

In Evanston, Illinois, there has been an actual reduction in intes- 
tinal diseases, indicated by the statistics of typhoid fever and gastro- 
enteritis, which appears to have resulted from the application of 
disinfection. This was first applied in December, 1911. The sta- 
tistics at hand cover the period of four years prior to this, namely, 
1908 to 1911 inclusive; and three years after, 1912, 1913 and 1914. 
The death rate from typhoid in the former period varied from 24 
to 33, averaging 29 per 100,000. In the period since disinfection it 
has varied from 6 to 15, with an average of 12. The death rate from 
gastro-enteritis during the former period varied from 25 to 73, with 
an average of 49 per 100,000, and in the latter period with disin- 
fection varied from 11 to 40, with an average of 30. 

In the city of Baltimore there has been a decided reduction in the 
typhoid mortality since the use of calcium hypochlorite. It was first 
used in June, 1911. In the five years prior to that, the death rate 
from typhoid varied from 33 to 42 per 100,000, with an average of 
35. In the three years since, it has varied from 22 to 24, with an 
average of 23. 

In Poughkeepsie the disinfection of the supply was first begun in 
1908 in the form of hypochlorite applied to the water before sedi- 
mentation and filtration. The death rate from typhoid fever for 
eight years prior to 1908, as indicated by the United States census 
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reports, varied from 25 to 114, with an average of 54 per 100,000. 
From 1908 to 1913, with treatment as stated above, the typhoid 
death rate varied from 10.3 to 33, with an average of 18.5. Since 
early in the year 1914 the filter effluent has also been treated, first 
by means of hypochlorite, and latterly by means of liquid chlorine, 
and the death rate from typhoid fever for that year was 3.4 per 
100,000. 

Trenton, New Jersey, is one of the most striking cases of improve- 
ment due to disinfection. Prior to 1912 the city used the raw Dela- 
ware River water. In December, 1911, the authorities commenced 
to treat the water supply with hypochlorite. During the five years 
ending with 1911 the annual number of typhoid cases varied from 
208 to 343, with an average of 267. During the three years since 
disinfection has been applied, the number of cases in the city has 
varied from 45 to 110, with an average of 74. 

In Ottawa the water of the Ottawa River was used without treat- 
ment until about March, 1912. Its polluted condition was evidenced 
by the several epidemics of water-borne typhoid that the city had 
been through just prior to that. Since the disinfection of the supply, 
Ottawa has had no further epidemics and only a moderate death 
rate from typhoid. 

The city of Hull, with only about one-twentieth the population 
of Ottawa, lying on the opposite bank of the river, takes its water 
supply, untreated, from the same channel as does Ottawa and within 
a few hundred yards of it. In two recent months Hull has had about 
200 cases of typhoid fever, as against 28 in Ottawa for the same 
period. 

In Centralia, Washington, during the winter of 1913 and 1914, 
there was a sharp epidemic of typhoid fever, due apparently to the 
pollution of a well supply by overflow of a stream which is known to 
have carried pollution. A hypochlorite plant was hastily installed 
and put in operation and this was followed by a quite definite and 
abrupt cessation of new cases of typhoid, since which time there 
have been no cases in Centralia, with the exception of certain hos- 
pital cases brought in from outside the community. 

The results of hypochlorite treatment in Pittsburgh have indicated 
an improvement in typhoid conditions over and above that secured 
by filtration alone. 

Hypochlorite was first applied in November, 1911. In that 
month there were 54 cases, in December 42, in January, 1912, there 
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were 20, and in February 5. From that time forward, the cases 
have remained for the most part less than 10 per month and have 
never again approached the high points of previous years. It is 
rare for the present high points to reach the former low points of the 
curve. 

In Wilmington, Delaware, the excellent protection which disin- 
fection affords was shown at the time of an epidemic of typhoid 
fever of about 250 cases at Coatesville, Pennsylvania, some 27 miles 
above Wilmington, upon the stream from which Wilmington draws its 
supply. The epidemic made its appearance in Wilmington, but 
was stopped short by the disinfection of the water supply. 

The maximum dose of hypochlorite stated is 60 pounds per mil- 
lion gallons, which is at the Bubbly Creek plant in Chicago, where 
the nature of the water treated is well known to require a large 
dose. The lowest maximum quantity stated is 4 pounds per mil- 
lion gallons. The average of all the maximums stated for the vari- 
ous plants is 17 pounds per million gallons. 

Bubbly Creek also shows the highest average dose of 55 pounds. 
The next highest is 35 pounds, and the lowest average dose stated 
is 3 pounds. The average of all the averages stated is about 11 
pounds per million gallons. 

Judging from the lack of information in response to inquiries 
bearing upon the relation between the quantity of hypochlorite re- 
quired and the color or turbidity in the water, it seems that a sur- 
prisingly small amount of attention is given in the various cities to 
following out this relationship. A knowledge of this relation is of 
some importance, as it influences the quantity of hypochlorite that 
is required for a given water, the quantity that may be applied with- 
out producing objectionable tastes and the economy of the treat- 
ment. 

The reason for the lack of attention to this point seems to lie in the 
fact that the cost of the hypochlorite required for any water is tri- 
fling and it is not of great importance just what quantity is applied, 
so long as it is enough, on the one hand, to give good bacteriological 
results, and, on the other hand, not so much as to produce objec- 
tionable tastes and odors. 

The doses that fulfill these two conditions do not always coincide. 
The character of some waters is such that the dose which can be 
applied without contributing objectionable tastes and odors is more 
than enough to produce the desired bacterial reduction. With such 
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waters there is no difficulty in regulating the dose to give satisfac- 
tory results from every point of view. The character of other waters 
is such that the maximum dose which can be used without giving 
a taste is not enough to give the bacterial reduction required. This 
is the difficult condition to meet, and is found more frequently in 
raw waters than in filtered waters. 

It is everywhere recognized that there are certain times when the 
hypochlorite treatment is less satisfactory than at others. This is 
shown principally in the appearance of tastes and odors that occasion 
complaint among consumers, or in a low and unsatisfactory removal 
of bacteria by the treatment. It occurs generally at a time when 
the turbidity or the color of the water increases greatly, or some 
other marked change, such as temperature, occurs in the condition 
of the untreated water. 

Different waters vary a good deal in this respect, and but little in- 
formation can be found which gives light upon the specific reasons 
for this variation and permits the formulation of general statements 
in regard to it. 

An analysis of the figures at hand shows that in one place a maxi- 
mum dose as great as 37 pounds per million gallons has not given rise 
to objectionable tastes or odors, and in numerous places 20 to 30 
pounds has not been noticeable. The average amount stated for 
which no odor or taste was noticed was about 14 pounds per million 
gallons. The supplies in which it was definitely stated that no tastes 
or odors were noticeable included about 40 per cent of the total. 
Among the others there were general comments as to the occurrence 
of objectionable tastes or odors, indicating in the main that they 
are likely to occur with changes in the character of the water treated, 
especially at times of storm or freshet. 

So far as is indicated by the somewhat incomplete data, the largest 
quantities of hypochlorite are used in those supplies in which the 
color or turbidity of the water are highest. Unfortunately, the in- 
formation is not complete enough to enable any relationship to be 
established even in an approximate way between color, turbidity 
and quantity of disinfecting agents that may be used without ob 
jection. 
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DISCUSSION 


Mr. C. A. JENNINGS: About two years ago the speaker had a 
paper along the same lines before the Illinois Water Supply Associa- 
tion, and quoted statistics on typhoid death rates from a number of 
cities. The criticism was made of the paper at that time that the 
typhoid fever death rates were taken for periods anywhere from four 
to twelve years previous to the introduction of the disiafecting 
agent, and the typhoid data for only two or three years following— 
that is to say, whatever data were available since the introduction of 
the disinfectant were used. The point was made that great progress 
had been made in sanitation in the last few years, and that it did 
not give a fair comparison. If that criticism held in that paper it 
will also hold in Mr. Longley’s paper. It may be well to weigh 
carefully the data received and not be too ready to place all of the 
credit to one charge. However, there is no argument against the 
statement that disinfection of water supplies has brought about a 
wonderful lowering of typhoid fever death rate, especially during 
the last four or five years. 


Mr. Wo. M. JEWELL: The speaker has been very much inter- 
ested in Mr. Longley’s paper, and it seems that he has covered the 
statistics very well from a general standpoint, but he has not given 
the details that we need for laying out these works at various plants; 
in other words, the information is very general. 

At Chicago, where the hypochlorite is used at one of the stations, 
it was found that about five or six times more hypochlorite was re- 
quired for the sterilization than they could stand for, probably on 
account of the low temperature of the water; and that is a very 
important point that ought to be investigated by members of this 
section. It would be a good thing to have a committee on those 
features to report at ‘the next meeting in order that the physical 
characteristics of introducing hypochlorite can be properly complied 
with. The members here would certainly like that information; 
those that are putting the plants in at least. ' 

The paper states that the first use of hypochlorite was in 1908. 
In that connection will say that at the filter plant installed at the 
city of Adrian in 1897, the speaker used both hypochlorite of lime 
and sulphate of alumina, and prior to this chlorine gas was used on 
the testing plant. 
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Hypochlorite of soda and chlorine were first used on the Jewell 
filter at the Louisville Experimental Station about one year earlier, 
or in 1896; reference to Mr. Geo. W. Fuller’s report of 1898 will 
substantiate this statement. 


Mr. M. B. Litcu: Will Mr. Jewell please state just what he meant 
by more than what the water could stand for? 


Mr. W. M. JEwELL: That is the statement that Mr. McDonough, 
the assistant commissioner of the public works, used, and presum- 
ably related to the odor, or the taste rather, if you can differentiate 
between the two in the case of hypochlorite of lime any more than 
you could with peppermint. He stated that at times of low tem- 
peratures the hypochlorite seemed to be undecomposed, and that 
therefore they could not get rid of the Coli; the amount used was five 
or six times more than was required under ordinary conditions of 
normal temperature at which times excellent results were obtained 
and the odor or taste, if any, would not be noticeable. Possibly 
there is a point, probably somewhere below normal temperature of 
the lake water, where the hypochlorite can be used efficiently and 
no odor or taste imparted to the water; whereas on the same water 
at a slightly lower temperature, such objections would exist and 
cannot be combated; at least in the light of our present knowledge 
of the way of using hypochlorite. 


Mr. H. P. Lerron: In 1911 Trenton, New Jersey, began to treat 
raw Delaware River water with hypochlorite. The state board of 
health carried on a series of examinations for the purpose of deter- 
mining the proper dosage. At that time, which was during the win- 
ter, the water was cold and very high in turbidity and organic matter. 
‘The dose of chemical added was run up as high as 30 pounds per 
million gallons. ‘amples of the treated water taken an hour after 
the addition of the chemical, and tested for free chlorine, all gave 
negative results, although the water had an extremely disagreeable 
taste, and this taste persisted throughout the entire distribution 
system, and was especially noticeable in the hot water. The steam 
arising from a flowing hot water tap had a very strikingly unpleasant 
odor. From the tests made the conclusion was reached that the 
taste and odor were not those of the chlorine, but were due to some 
complex chemical change brought about by the action of the chlorine 
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on the organic matter present in the water. There was more or less 
complaint about the taste and odor at the time, but, as Mr. Long- 
ley’s paper has shown, the chlorine treatment at Trenton reduced 
the typhoid death rate to a remarkable extent. A report on the 
tests mentioned and some statistical data regarding the effect of the 
treatment will be found in the 1912 report of the New Jersey state 
board of health. 


Mr. R. L. Sackett: In the state of Indiana there is quite a wide 
variation in the geological conditions, which has permitted the smaller 
cities in the northern part to use well waters, but in the southern 
portion well waters are rare, and they have therefore quite generally 
used the surface waters of the Ohio River Valley. These waters 
are polluted in greater or less amounts. Some cities in Indiana have 
for several years been using water supplies for fire protection and 
street sprinkling purposes only, and not using them for culinary pur- 
poses. The state board of health found a portable apparatus for the 
installation of hypo treatment to be very valuable, and have equipped 
their laboratories with these simple temporary pieces of apparatus, 
which can be sent out to the smaller cities, and there hypo has been 
used, too much at times, and undoubtedly at other times too little, 
in cities where the water supply was without treatment at all, or 
where it was not satisfactory. These plants are inexpensive of 
course. They are manually controlled, and the question of the cost 
of hypo was not important. Very frequently the odor and taste of 
hypo were objectionable, but not so objectionable as the conditions 
which preceded it, and unquestionably this plan of the state board 
of health of placing in cities, practically without expense, as a tem- 
porary measure, these simple schemes for treatment with hypo has 
been of great value. 

It is very difficult to collect data concerning the absolute influence 
upon mortality and morbidity, but the state board of health has 
been pretty well satisfied with its little propaganda, and feels that 
it has been of value. Many of these smaller cities have very grate- 
fully accepted the tastes and odors as being the lesser of the evils 
until they could install better apparatus for the protection of their 
water supply. 


Mr. Joun A. Kienue: Mr. Jewell’s remarks regarding the effect 
of the temperature of the water at Chicago producing taste and 


690 DISCUSSION 


odor recalls to the speaker’s mind the conversation with the gentle- 
man mentioned by Mr. Jewell, namely, Mr. McDonough, assistant 
mechanical engineer of the department of public works, and the 
speaker wishes to throw a little light on this subject. 

In conversation Mr. McDonough stated that when the tempera- 
ture of the water is down around 38° or 40° they are com- 
pelled to materially reduce the amount of hypo being applied. 
However, on numerous occasions, it was stated that the taste and 
odor prevalent in the city tap water were not due to an excessive 
quantity of hypochlorite actually being applied. In Chicago the 
application of hypo is made at the intake cribs, which are located 
a considerable distance out in the lake and the direction of the 
winds, as well as the state of the lake, due to these winds, necessitate 
the holding of the sludge in the tanks for a considerable length of 
time. This sludge sometimes accumulates to such an extent that 
they are compelled to dispose of it even under adverse conditions. 
At such times the action of the waves and the winds causes this sludge 
to be blown back into the crib and down into the shaft and tunnel. 
The result is a very noticeable taste and odor in the tap waters of the 
city fed from these particular cribs with the natural complaint from 
the citizens. 

The writer believes that quite a little of this sort of trouble in Chi- 
cago has been due to the fact that close supervision could not be 
given to the operation of the hypo plant. In some instances there 
is not even telephone communication with the cribs. Under these 
conditions it is naturally to be expected that the attendants in charge 
of the hypo treatment are not familiar with the conditions prevail- 
ing in the city, and therefore cannot be quickly advised as to the 
best amount of hypo to be applied. 

The question of temperature of the water also has its effect in 
other places; this being particularly the case at Milwaukee where the 
speaker is familiar with the operating conditions. In this city they 
normally apply during the spring, summer and fall months of the 
year, about six pounds of hypo per million gallons, but as soon as 
the water temperature goes down to about 40° they are com- 
pelled to cut the dose applied to as low as 3 pounds per million 
gallons; this being necessary in order to prevent taste and odors 
prevailing in the tap waters. At the times when this decreased dose 
is applied the bacteriological count runs up considerably and it is 
due to this fact, as well as the desire to prevent taste and odor, that 
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the use of liquid chlorine was recommended and a liquid chlorine 
plant recently installed. 

It is rather difficult to give an absolute reason for the prevalence 
of taste and odor in these low temperatures following with applica- 
tion of hypochlorite of lime, except that it may possibly be due to 
the nondecomposition of the chloride solution. This is a chemical 
compound and it naturally has to be broken down in order to accom- 
plish its bactericidal action, and if it is not broken down then the 
chlorine is carried right through with the lime and is undoubtedly 
responsible for the taste. It is a known fact that chloride solution 
will not readily decompose in water at low temperatures. 

The question of organic matter affecting the taste and odor, the 
speaker believes is one that should be given careful consideration. 
In a great many cases where taste and odors prevail they are due, 
not to the liquid chlorine or to the hypochlorite, but to the decom- 
posed vegetable or organic matter in the water. This was the case at 
East Chicago and the speaker knows of other similar instances, and 
he further believes that the nature and character of the organic 
matter in the water also have a decided effect on this question of 
taste and odor. 

As an example he would cite the following: At the Notre Dame 
de Grace, District of Montreal, they have a rather peculiar condi- 
tion of this kind. The water at this station is taken from the St. 
Lawrence River just below the junction of the Ottawa River with 
the St. Lawrence. During the winter months nothing but St. Law- 
rence River water reaches the intake of the station, yet when the 
spring freshets prevail the Ottawa River water rises very materially 
and the current from it is swept across the St. Lawrence into the 
intake of the pumping station. The Ottawa River is of an entirely 
different character from that of the St. Lawrence. It is a water 
that is quite high in color and in organic matter. It does seem, how- 
ever, that the nature of this organic matter must be quite different 
from that which would be found in other waters. This is evidenced 
by reason of the fact that at this station they are applying liquid 
chlorine and when treating the St. Lawrence River water approxi- 
mately four-tenths parts per million of available chlorine are re- 
quired for sterilization. As soon as the Ottawa River water reaches 
the intake they are compelled to apply as much as one and one-half 
parts of chlorine per million, yet even with this high dose no taste 
or odor prevails. 
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In the operation of this plant sufficient chlorine is applied at all 
times to the intake so that they get a KI reaction on a sample of 
tap water taken from the discharge of the pump. The liquid chlo- 
rine, however, appears to be entirely dissipated by the time it has 
traveled several hundred feet from the station as no KI reaction 
can be obtained on samples taken at this point. 


Dr. D. P. Curry: At Bowling Green, Kentucky, there were tastes 
and odors. At the plant they had but one mixing vat. The opera- 
tor would start his pump and stirring device at the same time, pump- 
ing the sludge and all into the mains. At that time they were doing 
some work on the mains, and there was considerable disturbance of 
the sediment in them. The odor and taste of the hypo were ex- 
treme. Was not this due to using the milky mixture rather than 
the sedimented clear solution? 


Mr. Joun A. Krenue: Regarding the last gentleman’s remarks 
the speaker would say that at Pittsburgh they are applying the hy- 
pochlorite powder directly and in a very crude way and so far as 
he knows excellent results have been obtained without the preva- 
lence of taste and odor. In other words, at this plant they do not 
attempt to take out any of the sludge or even settle it. The appli- 
cation is made simply by shoveling the powder into the water of 
the clear well at regular intervals. This therefore is one instance 
where the sludge does not worry them apparently. 


Mr. H. P. Lerron: The speaker knows that a year or two ago 
the East Jersey Water Company, at their filtration plant at Little 
Falls, New Jersey, treated the filtered water with hypochlorite, which 
was fed in as a milky solution, the lime being kept in suspension by 
a stirring device. No tastes or odors resulted from this practice. 
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THE MANUFACTURE OF SULPHATE OF ALUMINA AT THE 
COLUMBUS WATER SOFTENING AND 
PURIFICATION WORKS 


By CuHAR.LEs P. Hoover! 


A plant for making alum has recently been built and put in serv- 
ice at the Columbus water purification plant. This is the first 
plant of its kind ever built at a water purification works for making 
alum to coagulate water, and, although it has only been in opera- 
tion a short time, it has been a success both technically and eco- 
nomically. 

An investment of $12,000 was required for its construction, and 
it has been conservatively estimated that $6000 per year will be 
saved the city in the cost of alum. Between 800 and 1000 tons of 
alum will be manufactured during the coming year at a cost of about 
$10.50 per ton. 

The process most generally employed today for coagulating and 
purifying water contemplates applying to the water under treat- 
ment a solution of aluminum sulphate prepared by dissolving in 
water the previously crystallized chemical. 

In order to show the advantage of the new process, as used at 
Columbus, and to point out the advantage of making alum at the 
point where it is to be used, a brief explanation of the old process 
of making alum for water purification purposes will be necessary. 


OLD PROCESS FOR MAKING ALUM FOR WATER PURIFICATION PURPOSES 


Lump alum or sulphate of alumina is a combination of bauxite 
(a southern clay containing from 58 to 60 per cent alumina, the 
aluminum being present Al,O;H,) with sulphuric acid (H.SO,). By 
mixing the two in lead lined tanks, and boiling for a period of from 
6 to 8 hours, the first step in making alum is taken. 

The following reaction takes place between the bauxite and acid. 


AlLO;sH, + 3HSO, 
Al.(SO,)3 + 5H,O 
Chemist, Columbus, Ohio, Filter Plant. 
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The resultant solution is a mixture of aluminum sulphate and 
silica, and in order to obtain the clear aluminum solution it is nec- 
essary that the mixture be filtered. 

The filtering process is perhaps the most costly, tedious and an- 
noying step in the whole process of alum making, because the finely 
divided particles of silica present in crude sulphate solution quickly 
clog the pores of the filtering medium, and it is often necessary to 
force the material through the presses under considerable pressure. 
After being filtered the alum solution is boiled to expel the excess 
water. The expense of concentrating the syrup must be taken into 
consideration, because it is concentrated from a density of between 
25° and 30° Baumé to a density of between 58° and 60° Baumé. 
After being concentrated the solution is discharged into trays, and, 
on cooling, crystallizes to the alum cake. The alum cake is then 
crushed or pulverized and shipped either in bulk, in barrels, or in 
sacks. The material, after being received at a water purification 
plant, is usually dissolved as needed, and a standard strength solu- 
tion prepared, this solution being fed by a suitable measuring de- 
vice into the water to be purified or treated. 


THE HOOVER PROCESS 


Bauxite and sulphuric acid are boiled in lead lined tanks until a 
basic solution of aluminum sulphate is obtained. The solution is 
then diluted with water, usually enough water is added to make 
500 gallons of the solution equivalent to one ton of 17 per cent Al,O; 
alum, and measured as needed into alum solution tanks, where it is 
diluted with sufficient water to make a standard solution, which is 
then applied to the water under treatment. By this process five 
distinct steps in alum making are eliminated, namely, filtering, 
concentrating, crystallizing, grinding and redissolving. This proc- 
ess is a much shortened process, being simple and inexpensive, be- 
cause it consists simply in boiling bauxite with sulphuric acid and 
applying the resultant solution to the water under treatment. 


DEPOSITION OF SLUDGE OR CHEMICAL MUD 


The crude alum solution containing silica or other inert material 
from the bauxite, probably better defined as chemical mud, is ap- 
plied to the water under treatment, the chemical mud mixes with 
the mud or suspended particles present in the water and finally be- 
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comes entrained or coagulated by the precipitated aluminum hy- 
drate and settles out in the settling basins. The crude solution, con- 
taining the chemical mud in suspension until the metallic sulphate 
has been converted into hydroxide, has a function not possessed by 
alum solution prepared by the old process, namely, forming a matrix 
or nucleus for starting the coagulation, resulting not only in more 
efficient results with less coagulant, but also affording the process 
universal applicability irrespective of any lack of natural turbidty. 


BAUXITE? 


The first discovery of bauxite in America was in 1887 at a point a 
few miles southeast of Rome, Georgia. At present the known work- 
able deposits of bauxite are limited to a few localities in Europe and 
the United States. Its occurrence in Europe is in France, Germany, 
Austria and Ireland; and in the United States, in Georgia, Alabama, 
Arkansas and New Mexico. 

The mining of bauxite in the southern states has shown a great 
growth during the last few years. The annual production passed the 
150,000 long ton mark in 1911. The production of bauxite in the 
United States from 1900 to 1911, inclusive, is shown in the following 
table. 


GEORGIA AND 


ALABAMA ARKANSAS 


19,739 3,445 
18,038 867 
22,677 4,645 
22,374 25,713 
21,913 25,748 
15,173 32,956 
25,065 50,267 


14,446 37,703 
22,227 106,847 
33,096 115,836 
30,170 125,448 


* Production of Tennessee included. 


* From Geological Survey of Georgia, Bulletin No. 11. 


YEAR TOTAL VALUE 
1900 23,184 $89,676 
1901 18,905 79,914 
1902 27,322 120,336 
1903 48,087 171,306 
1904 47,661 235,704 
1905 48,129 240,292 
1906 75,332 368,311 
r 1907 | 97,776* 480,330 
' 1908 52,167 263,968 
1909 129,101 679,447 
1910 148,932 716,258 , 
1911 155,618 750,649 


CHARLES P. HOOVER 
Mining of bauxite 


As a rule it is very easy to mine because of its comparative soft- 
ness beneath the surface, it being soft enough in most cases to be 
dug up with a pick, although black powder is sometimes used to 
loosen it from its position. The bauxite is usually removed in steps 
or benches, and loaded into small mine cars. The ore contains a 
large percentage of uncombined water, which, unless expelled or 
driven off before shipment, makes it an important factor in the 
freight cost. The ore after being crushed is passed through long 
rotary kiln driers, similar to rotary cement kilns. 

Three grades of ore are mined, first, that used in the manufacture 
of metallic aluminum; second, that used in the manufacture of alun- 
dum, and third, that used in the manufacture of aluminum salts. 

On account of the strict specifications drawn for sulphate of alu- 
mina, by those in charge of water purification plants and paper 
mills, only the ore containing less than 2 per cent of ferric oxide 
(Fe.03;) is used in making aluminum sulphate. The more ferrugi- 
nous ore is used in the manufacture of metallic aluminum, and the 


very purest grade of ore is used for the manufacture of alundum. 
The following was taken from Bulletin No. 11, Geological Survey 
of Georgia: 


The possible yield of bauxite is greatly limited by the fact, that nearly 
all but the first grade material is discarded; thereby necessitating the ex- 
clusion of a vast quantity of ore, which should, by proper skill and manip- 
ulation, find ready utilization at good prices. This condition was, perhaps, 
made necessary in the beginning, when markets had to be established, in 
order that home material might compete with the cheap and less pure for- 
eign bauxites of long standing and reputation. The principle has been so 
rigidly adhered to, by both operator and consumer, during the period of 
working in the American fields; that it has resulted in creating a demand 
for the first grade ore only, with practically no sales for the lower grade 
bauxite. 


The writer believes that it is not necessary to demand bauxite of 
highest purity for making of aluminum sulphate to be used for water 
purification purposes, and it seems entirely possible that much of 
the cheaper grade bauxite could be used to advantage in making 
alum for water purification purposes. 
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SPECIFICATION FOR BAUXITE USED AT COLUMBUS 


The specifications for bauxite now used at the Columbus plant 
are as follows: 

Bauxite to be crushed and dried to contain not over 3 per cent 
moisture, the analysis to be: 

Al,O; not less than 52 per cent. 

Fe,0; not more than 3 per cent. 

The contract for furnishing the supply needed for the period end- 
ing July 1, 1915, was awarded at $5.50 per ton, 2240 pounds, f.o.b. 
Bauxite, Arkansas. The freight rate from Bauxite, Arkansas, to 
Columbus, Ohio, is $4.40 per long ton, therefore, a ton of 2000 pounds 
delivered to Columbus, Ohio, costs $8.84. 

Bauxite contains from 58 to 60 per cent Al,O;, whereas, ordinary 
filter alum usually contains 17 per cent Al.O;, therefore, one ton of 
bauxite will make a little more than three tons of alum (Al,(SO,); 
14H20). 

Bulletin No. 11, Geological Survey of Georgia, published in 1904, 
lists the following companies as either owning or working bauxite 
deposits in Georgia: 

The Republic Mining and Manufacturing Company. 

The Georgia Bauxite and Mining Company. 

The Dixie Bauxite Company. 

The Southern Bauxite Mining and Manufacturing Company. 

Dealers known to the writer who are in position to quote prices 
on bauxite are: 

Aluminum Company of America, Pittsburgh, Pa. 

Mr. Winthrop C. Neilson, 1111 Harrison Building, Philadelphia, 
Pa. 

Nationa] Bauxite Company, Philadelphia, Pa. 

Globe Bauxite Company, Joliet, Ill. 


HALLOYSITE 


Good filter alum may also be made from halloysite. The approxi- 
mate chemical analysis of which is as follows: 


Soluble alumina 


Per cent 
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Several manufacturers have attempted to make crystallized alum 
from halloysite, but have failed, because it has been found almost 
impossible to filter or separate the insoluble portions of the halloy- 
site from the aluminum sulphate syrup. At the Columbus water 
purification plant, one tank, equivalent to about 6 tons of alum, has 
been made and used and the results obtained show that aluminum 
sulphate can be made from halloysite by the process being used at 
the Columbus water purification plant. Several carloads of this 
material have been purchased, and further experiments with the 
use of halloysite as a base for making alum solution will be made. 

The North America Chemical Company, with offices at Urbana, 
Ohio, have a very large deposit of this ore, estimated to be 15,000,000 
tons, located near Rome, Georgia, and they have assured the writer 
a number of times, that if a market can be created for halloysite, 
the material can be furnished f.o.b. cars, Rome, Georgia, at approxi- 
mately $2 a ton. 


SPECIFICATIONS FOR SULPHURIC ACID 


Sulphuric acid, to be used for making alum, is contracted for, at 
the Columbus water purification works, under the following speci- 
fications: 

The sulphuric acid shall be that known as 66° Baumé contact 
process acid, and shall contain not less than 92 per cent H.SOs3. 

The material shall be delivered at a uniform rate of not less than 
30 tons per month, or at such increased rate as shaJl be directed. 

The sulphuric acid shall be shipped in acid tank cars, provided 
with all necessary connections for removing the acid from the car 
by air pressure. Each tank shipment not to contain more than 30 
tons of sulphuric acid. 

Each tank car lot as a unit shall be the basis for accounting for 
determining of the amounts payable to the contractor. 


GENERAL DESCRIPTION OF PLANT 


The plant comprises: 2 lead lined boiling tanks, 2 alum measuring 
tanks, 1 acid measuring tank, 1 sludge tank, 1 storage tank for sul- 
phuric acid, 1 crusher for crushing bauxite, 1 pulverizer for pulver- 
izing bauxite, conveying, elevating and transmission machinery, 
bauxite storage bins and weighing device, piping, valves and fittings. 
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MANUFACTURE OF SULPHATE OF ALUMINA 
COST OF OPERATION 


The following is an estimate of the cost of producing 1000 tons of 
17 per cent R,0; alum solution. 


468 tons 66° Baumé sulphuric acid at $12.50 
265 gross tons bauxite at $9.90 
Lubricating oil 


Electric current 10,000 kilowatt hours (2 cents per kw. hr.) 
Repairs to plant 

Depreciation 

Interest on investment 


88 


At the Columbus plant it is hardly fair to make any charge for 
labor because no additional labor is required to operate the new alum 
plant, consequently the labor item has been omitted in the above 
estimate. 

When lump alum was being used here it was necessary to unload 
it from the cars, sack and weigh it, store it in the storage house, 
elevate it to the third floor of the head house, stack it up there and 
finally dissolve it in solution tanks as needed. In addition to all 
this handling there were three times as much material to move and 
three times as much storage space required, because, as has already 
been explained, 1 ton of bauxite will make 3 tons of alum. No ad- 
ditional help has been employed since this plant has been installed. 


DISCUSSION 


Mr. J. M. Diven: How about other chemicals, iron, or possibly 
arsenic, in the product? 


Mr. CuHaruEs P. Hoover: Three grades of ore are mined, first, 
that used in the manufacture of metallic aluminum; second, that 
used in the manufacture of alundum, and third, that used in the man- 
ufacture of aluminum salts. At the present time only ore containing 
less than 2 per cent of ferric oxide (Fe:O3) is used in making aluminum 
sulphate. The speaker believes, however, that it is not necessary 
to demand bauxite of highest purity for making aluminum sulphate 
to be used for water purification purposes. It seems entirely pos- 
sible that much of the cheaper grade bauxite could be used to ad- 
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vantage in making alum for water purification purposes. Low grade, 
cheap sulphuric acid contains rather a high percentage of arsenic, 
and when such acid is used in the manufacture of sulphate of alumina 
the product will of course contain arsenic. In order to get arsenic 
free acid it is necessary to specify contact process acid. Professor 
Bartow, of the Illinois State Water Survey, read a paper at the New 
Orleans meeting of the American Chemical Society on the presence 
of arsenic in filter alum, and in this paper it was stated that the 
quantity of arsenic present in commercial alum was so smal] that 
even if water were treated with 6 grains per gaJlon of highest arsenic 
content alum which could be found on the market it would be nec- 
essary to drink 5000 gallons of such treated water to get a medicinal 
dose. 


Pror. J. M. Carrp: What is the price of sulphuric acid? 


Mr. Cuar.es P. Hoover: At the present time we are paying $12 
per ton for sulphuric acid of 66° acid. We have a contract for a 
year at that price. 


Mr. A. W. Hawkes: The market price of sulphuric acid at the 
present time as compared with the price ruling at the time Mr. 
Hoover made his contract for sulphuric acid has practically doubled, 
due to the heavy demand brought about by war conditions. It 
might be very difficult for a water company that has not previously 
purchased suJphuric acid to secure any at this time at a usable price. 
Pyrites ore, which comes in material quantities from Spain, is used 
largely in this country in the production of sulphuric acid and the 
ocean freights have more than doubled since the outbreak of the war. 


Mr. Cuar.es P. Hoover: Filter alum, made by the old process, 
or made and used by the process just described, is made from sul- 
phuric acid, and therefore, it naturally follows that if the price of 
sulphuric acid increases the selling price of alum will be increased. 
Even though the cost of acid does increase or double there still re- 
mains the same saving in the production of alum by this process over 
the production by the old process. : 


. A Member: Has the halloysite making of alum not proved. suc- 
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Mr. CuHaruzs P. Hoover: Attempts to make alum from halloy- 
site, so far as the speaker knows, have proved unsuccessful. A plant 
for making alum from halloysite was recently built at Urbana, Ohio, 
but it was only operated for a few months and has now been dis- 
mantled. It was found to be practically impossible to filter silica 
from the crude halloysite syrup. At the Columbus water softening 
and purification works, where the crude syrup is being used without 
filtering, concentrating or crystallizing, halloysite is being used 
successfully. 


A Memser: You say that the bauxite was mixed in thetank which 
you illustrated. Do you boil it with a steam coil? 


Mr. CuHaruzs P. Hoover: Briefly the process is as follows: 2 feet 
of water is first run into the-beiling tanks, which are 8 feet in diame- 
ter, then the proper quantity of sulphuric acid is introduced. The 
reaction between the acid and water is so violent as to cause the so- 
lution to boil. Bauxite is then dribbled into the boiling acidsolu- 
tion at the rate of about 30 pounds per minute. The reaction be- 
tween the hot acid solution and the bauxite is violent and the boil- 
ing continues as long as the bauxite is being introduced, this usually 
takes about two hours’ time. Live steam is then used to continue 
the boiling process to complete the reaction between the alumina, 
of the bauxite, and the sulphuric acid. 


Pror. James M. Carrp: How much of that available alumina is 
consumed by the sludge? How much of it is lost in the sludge? 
Did you not say about 40 per cent? 


Mr. Cuarues P. Hoover: No; about 6 or 7 per cent of the 
available alumina is lost. 


Mr. Puiuip Burcsss: What has been the attitude of the filter 
alum manufacturers in regard to this process? Have they inti- 
mated that in view of the experience at Columbus it might be prac- 
tical and desirable for them, instead of furnishing the pure crystal- 
lized chemical, to contemplate a supply of the materials in the liquid 
form? 


Mr. CHartes P. Hoover: Will Mr. Hawkes, of the General 
Chemical Company, kindly answer the question which has just 
been asked by Mr. Burgess? 
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Mr. A. W. Hawkess: It would not be feasible or practicable for 
an alum manufacturer to attempt to transport alum solution for the 
reason that this solution has an acid reaction and attacks most metals, 
hence it would require a very expensive vessel in which to ship it. 
Then, too, there would be the question of paying freight from point 
of shipment to destination on the water in the alum solution. 

From the speaker’s past experience, he does not believe the manu- 
facturers of alum will make any material advance in the price of 
sulphate of alumina to their regular customers, no matter where the 
price of sulphuric acid goes, as it has always been the policy of the 
manufacturers in the past to take care of their American trade, and 
contracts are being renewed now from day to day, regardless of the 
price of sulphuric acid, on the same price basis as ruled before the 
war. Generally speaking, it is believed the policy of the American 
alum manufacturer will be to take care of its regular customers in 
this country on practically the same basis they have been taken 
care of in the past. 


THE EFFECT OF ALGAE ON BICARBONATES IN SHALLOW 
RESERVOIRS 


By S. T. 


The microscopical examinations of public water supplies have 
become universal, and in many places constitute routine laboratory 
tests, but these determinations are made principally for the purpose 
of the treatment of the supplies for the removal of algae and similar 
micro-organisms causing tastes and odors in the water. Water 
works superintendents and chemists in charge of such works have 
given but little study to the biochemical reactions of such plant life 
when present in reservoirs, and with the exception of various limo- 
logical investigations that have been made, little data of this charac- 
ter are available. It is a well known fact, however, that these 
organisms do have a great effect upon the physical, chemical and 
biological quality of stored water. 

In a recent investigation undertaken to determine the effect of 
dissolved gases in stored water upon ozonization of the supply of 
the Baltimore County Water and Electric Company, it was clearly 
demonstrated that certain forms of algae can within a comparatively 
short time entirely remove the free carbon dioxide from the water, 
as well as use up a considerable amount of the half bound carbon 
dioxide, thereby reducing the bicarbonate of calcium and magnesium 
to normal carbonates of these salts; at the same time causing the 
dissolved oxygen content of the supply to rise to a point of excessive 
supersaturation. Such conditions have been noted by many inves- 
tigators, but these phenomena are not usually to be found in shallow 
reservoirs where the storage period of the water is relatively short 
and where the supply of free CO, in the raw water is considerable, 
due to high organic contents. 

The two reservoirs used for storage purposes on the Herring Run 
system of this company are operated continuously, and have a 
combined storage capacity sufficient for twenty-one days’ supply. 


1 Chemist and Bacteriologist of the Baltimore County Water and Electric 
Company. 
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The lower reservoir, which was put in use about twenty years ago, 
is an excavated earthen basin around which a bank was placed. 
When first put into service the top soil was not stripped but later the 
greater portion of it was removed to a depth of 12 inches. About 
four years ago on the bank of the lower’side of this reservoir was 
placed a concrete slab so as to prevent high turbidities in the water 
on account of washing of the slopes during storms. Due to the or- 
ganic nature of the contents of the water, there is an abundant food 
supply for heavy growths of algae, and for this reason it has been 
necessary to treat the water with copper sulphate many times each 
summer to keep down the growths. 

The second reservoir was built only four years ago and like the 
first one is an earthen reservoir, but the top soil from this basin was 
practically entirely removed before it was put into service. This 
reservoir acts as a preliminary settling basin for the water before it 
flows to the lower one, the water passing directly from the effluent 
chamber of this reservoir to the lower one and from there to the 
ozonization plant. 

The raw water feeding these reservoirs is supplied by Herring Run, 
a small surface water stream subject to some extent to surface pol- 
lution of the drainage area, and therefore is usually high in organic 
matter in suspension and in solution. Algae growths in this stream 
are as a rule not high but most of the growths develop after the 
water enters the reservoirs. The raw water receives some aeration 
just previous to entering the first reservoir, so that the dissolved 
oxygen is usuaJly about 100 per cent of saturation and the free CO, 
content varies between two and ten parts per million. 

In the investigation that was made during the summer of 1914, 
samples of water were taken regularly as the water flowed into the 
upper reservoir, again as it flowed into the lower basin, as well as of 
the effluent from this reservoir and at the pumping station. In 
all these samples determinations were made of the dissolved oxygen 
content, free CO, bicarbonate and carbonate alkalinity, as well as 
microscopical examination of the samples, enumerating the organ- 
isms present. 

Compilation of these analytical data showed that the water dur- 
ing the passage through the upper reservoir increased in tempera- 
ture 2.5° F., while the dissolved oxygen increased from 90 to 99.5 
in percentage of saturation. The free carbon dioxide was reduced in 
all samples and in some of the samples completely exhausted, and 
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in the samples in which the free CO, was all used up the bicarbonates 
were reduced, on an average, from 52 to 43 parts per million. At 
the same time it was noted that the average increase in the algae 
count was from 52 to 260 organisms per cubic centimeter, or an in- 
crease of 400 per cent. 

In the lower reservoir the average temperature increase over the 
water in the upper reservoir was 2.5° F.; the dissolved oxygen in- 
creased 25.5 in percentage of saturation, while with one exception 
the free CO. was entirely exhausted, and the bicarbonates were 
reduced 11 parts per million. The algae count in this reservoir in- 
creased 8 per cent over the average count in the upper reservoir 
water, 444.2 per cent increase over the raw water count. 

Diagram I shows that as the algae increased there was a propor- 
tional increase in the percentage of saturation of dissolved oxygen, 
although the temperature of the water was greatly increased at the 
same time. 

As is seen in Diagram II, the free CO. was exhausted from the 
water as the micro-organisms increased and the half bound CO, 
from the bicarbonate was drawn upon to furnish the necessary food 
supply to support the growth. This chart is interesting as it also 
shows that exhaustion of the free CO, that took place during pas- 
sage through the reservoir was readily replaced after passing through 
the aspirators of the ozone plant. 

Diagram III shows the number of organisms of each species in 
relation to the total count. 

No tests were made in this investigation to compare the bacterial 
count in the supply with the multiplication of algae, but in tests 
made in the laboratory it was found that as the algae increased there 
was a general tendency of reduction in the number of bacteria in 
the sample (Di gram IV); also after the algae had been killed by 
treating the sample with copper sulphate there was a very great in- 
crease in the number of bacteria. To what extent the increase in 
bacteria was due to an increased food supply caused by killing the 
algae growth, or the other chemical changes in the supply, is difficult 
to determine, but it is interesting to note, however, that these forms 
of vegetation can and do cause great chemical and bacteriological 
changes in a water in which they thrive. 

It is not known if all the microscopical forms of life that are found 
in waters are capable of bringing about these biochemical changes 
in a water as have been noted in these tests, but the organisms com- 
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prising the true algae are no doubt more active in this respect. Dur- 
ing the process of photosynthesis these organisms store up energy 
by absorbing carbon dioxide from the water and when this is ex- 
hausted draw upon the half bound CO, in the form of bicarbonates, 
giving off oxygen at the same time. It is because of this action that 
oxygen is formed in the water faster than it can be diffused, causing 
a condition of supersaturation, as has been noted in these tests. 


CONCLUSION 


It is seen from the above mentioned tests that certain forms of 
microscopic life in water can cause rapid changes in the chemical 
composition of the supply by exhausting the free carbon dioxide 
and reducing the bicarbonate alkalinity to normal carbonate alka- 
linity, and at the same time cause the water to become greatly super- 
saturated with oxygen. 

It is quite essential that the growth of algae and allied organisms 
should be prevented in reservoir water, as the neglect of such condi- 
tions may cause serious troubles, not only from complaints due to 
tastes and odors, but on account of filter troubles so often caused 
by these organisms. Not only are conditions of this kind prevalent 
but active growths may so alter the chemical composition of the 
water as to call for radical changes in the methods of operation of 
the purification systems. 


THE TRUE OBJECT OF WATER ANALYSIS 
By Frank L. Recror, B.S., M.D. 


The question of water analysis has been discussed from many 
angles, by many competent analysts. No uniform agreement has 
been reached, and doubtless will not be reached as long as waters of 
variable composition and source are examined. 

It has been demonstrated repeatedly that no hard and fast rules 
can be promulgated for application to all classes of waters. The 
nearest attempt to this is the standard of impurity established by 
the United States Public Health Service for drinking water on inter- 
state passenger carriers. To the writer it seems that the relation 
of the 37° C. count to the permissible gas production is not well 
balanced. This standard could not be met by many municipali- 
ties having what is ordinarily termed a safe supply. Problems 
entering into the consideration of a municipal supply are so many 
and varied that one standard for all is out of the question, unless 
unnecessary requirements are demanded of some. 

Waters of surface origin and surface storage will show a different 
bacterial flora than those of underground source. In surface waters 
the 37° C. count doubtless suffices for most purposes. But in under- 
ground waters from safe sources the 20° C. count gives us much 
valuable information. In this latter class water organisms grow- 
ing at 37°C. are, or should be, practicaily absent, and the 20° C. 
bacteria are the ones most commonly found. 

The 37° C. organisms are looked upon with more distrust than are 
the 20° C. types; but each group tells its own story of past perform- 
ances of a water and should be considered. We do not know that 
all 37° organisms are harmful, in fact we know they are not all 
harmful; neither do we know that all 20° C. organisms are harm- 
Jess. Do we know definitely that among the large numbers of 
bacteria at 20° C. found at times in a water, there are none capable 
of setting up pathological conditions when taken into the system? 
Their presence in large numbers tends, at least, to show laxity in 
the care of that particular water. 
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As an illustration of the value of the 20° C. count the following re- 
sults of analysis of filters may be cited. During the past year the 
writer made a study of the efficiency of filters as installed in homes 
and offices in Brooklyn. The 550 samples tested were about equally 
divided between raw and filtered water. The raw water gave a 
fairly low bacterial count, the average of some 60 analyses giving 
28 bacteria at 37° C., and 217 at 20°C. The filter effluents frequent- 
ly gave low counts at 37° C. but very high counts at 20°C. Had 
the 37° C. count only been considered, these appliances would have 
rated as efficient, when as a matter of fact, they were very ineffi- 
cient, as regards bacterial removal. The following table from the 
results of the investigation illustrates this point: 


RAW WATER FILTERED WATER 


a 
x 


25 
20 
11 
0 
40 
11 
66 
443 
12 
3 
6 
6 
8 
27 
9 


The samples noted above were plated within one hour after col- 
lection, and some in much less time, so there was no chance for mul- 
tiplication between collection and plating. 

Each source of water supply should be considered individually, 
and while general conclusions may be drawn, they must be applied 
with caution. Analysts should determine what elements in a given 
water supply, either chemical, bacteriological or microscopical, are 
subject to the widest variation, and after these facts are established, 
should devote their routine examination more closely to these vari- 


20° 

200 0 600 
100 0 123 
80 3 325 
25 0 100 
100 0 154 
80 2 79 
800 21 1,465 
2400 220 25,000 
390 7 420 
80 1 150 
35 1 230 
75 0 125 
50 1 100 
1600 8 2,500 
70 0 155 
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ables. This will show more readily when changes occur and reme- 
dies can be applied more quickly. 

The above suggestion necessitates frequent and regular examina- 
tions of water supplies, a thing which all will agree is highly im- 
portant. A monthly or quarterly analysis is not sufficient no matter 
how safe a water is presumably. Analyses should be made weekly, 
or better daily. The more purification a water undergoes, the more 
frequently should it be analyzed in order to control the purification. 

First hand knowledge regarding a water supply is of the greatest 
importance. A sanitary survey of the watershed takes equal place 
with laboratory analysis. The days of “absent treatment” in de- 
termining the sanitary condition of a water supply by analyzing a 
sample submitted with no knowledge of its previous history, are 
happily past. 

In conclusion the writer would emphasize the necessity of a care- 
ful study of all influences bearing upon a given water, and a judicious 
use of that information, rather than judge all waters by a strict 
laboratory standard. 
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SOME CONSIDERATIONS IN ESTIMATING THE SANITARY 
QUALITY OF WATER SUPPLIES 


By W. H. Frost! 


The subject indicated by the title of this paper is obviously too 
broad to be comprehensively discussed within a brief space. The 
present discussion will, therefore, be limited, first of all to a con- 
sideration of water supplies with reference solely to the causation 
of typhoid fever, which is the typical, and in this country the most 
common and serious water-borne infectious disease. The scope 
may still further be limited to a discussion of the general nature of 
the evidence upon which an opinion as to the sanitary quality of a 
water supply must be based. 

A scientific basis for estimating the sanitary quality of a water 
supply with reference to its effect in the causation of typhoid fever 
can be established only by coérdinating the results of two distinct 
lines of study. The first has to do with the nature and extent of 
the pollution of the water; the second with the extent of the effect 
produced by a given amount of pollution in the causation of typhoid 
fever. 

The point which it is desired to especially emphasize is that knowl- 
edge of the pollution of a water supply has no significance except as 
it is codrdinated with a knowledge of the effect which the known de- 
gree of pollution will produce. However precisely we may be able 
to determine the nature and extent of pollution, the accuracy of an 
estimate of the sanitary quality of water must always be limited by 
the precision with which its effects can be determined or estimated. 


DETERMINATION OF THE EXTENT OF POLLUTION 


The nature and extent of the pollution of a water supply is de- 
termined by studies from two angles, namely: first, by a survey of 
the sources of pollution, and of the safeguards which stand between 


1 Past assistant surgeon, U. 8. Public Health Service. 
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these sources and the ultimate consumer of the water; second, by 
laboratory examinations designed to determine the actual amount 
and kind of pollution present. 


SANITARY SURVEY 


Since typhoid fever is caused solely by the typhoid bacillus, a 
sanitary survey of the sources of pollution of a water supply should 
have reference primarily to the sources of pollution with typhoid 
bacilli. These organisms, so far as known, breed only in the bodies 
of infected persons, whence they are discharged in the feces and 
urine. The term “infected persons” comprises not only all persons 
known to be ill with typhoid fever, but also a considerable propor- 
tion of recent convalescents, and a small proportion, probably about 
2 per cent, of all persons who have previously had typhoid fever; 
perhaps also a small proportion of persons who have never shown 
recognizable symptoms of infection. By a careful survey it is pos- 
sible to enumerate all the visible sources of typhoid infection, that 
is all the known cases of typhoid fever from which a given water 
supply may become polluted. The concealed sources, that is con- 
valescents and “carriers,” cannot be individually located; but their 
probable numbers in a well studied population can be estimated 
with reasonable accuracy. 

It may be considered that all water, whether taken from surface 
or underground sources, has at some time since its precipitation 
been in contact with the surface of the earth, and has consequently 
been more or less exposed to pollution with the intestinal discharges 
of all persons and lower animals upon its catchment area. Between 
the sources of pollution and the ultimate destination of the water 
are numerous agencies operating to reduce the numbers of typhoid 
bacilli and other intestinal bacteria which may reach the consumer. 
These safeguards comprise all the agencies which tend to destroy 
typhoid bacilli and other intestinal bacteria in the natural and arti- 
ficial processes of sewage disposal and water purification. In order, 
then, to arrive at an estimate of the numbers of typhoid bacilli which 
will reach the consumers of a water supply from known sources of 
pollution, it would be necessary to calculate accurately the extent 
of the action of all these agencies which tend to diminish pollution. 
The problem is so complex as to be impossible of solution without 
the aid of further means of observation. 
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BACTERIOLOGICAL EXAMINATIONS 


Of the laboratory examinations applicable to determining the 
nature and extent of pollution of a water supply bacteriological 
examinations have the most direct bearing upon sanitary quality, 
which is a question of bacterial pollution. The most specific of the 
bacteriological examinations in general use are quantitative tests for 
bacteria of the B. coli group, since these tests afford a direct meas- 
ure of the numbers of intestinal bacteria present, and since typhoid 
bacilli are found only in association with intestinal discharges. 
Nevertheless, such tests, however accurate and specific they may 
be, show only the extent of pollution with intestinal discharges in 
general; they do not distinguish between pollution with intestinal 
discharges from lower animals which are not subject to infection with 
typhoid bacilli, and the much more dangerous pollution from human 
sources. They still further fail to distinguish between human dis- 
charges actually containing typhoid bacilli and discharges free from 
this specific infection. 


CORRELATION OF SANITARY SURVEY AND BACTERIOLOGICAL 
EXAMINATIONS 


The significance of bacteriological examinations may be greatly 
increased by correlation with a careful sanitary survey, which gives 
information as to the probable sources of such intestinal bacteria 
as may be present. It is conceivably possible, by combining a care- 
ful sanitary survey with bacteriological examinations, to estimate 
roughly the probable numbers of typhoid bacilli present in a given 
water supply. The data necessary for such an estimate are: 

1. A knowledge of the numbers of intestinal bacteria present in 
the water. 

2. Such knowledge of the sources of pollution as to enable an 
estimate of the proportion which intestinal bacteria from human 
sources are of all intestinal bacteria present. 

3. An estimate of the ratio of typhoid bacilli to all bacteria of the 
B. coli group in the discharges of the human population which con- 
tributes to the pollution of the given water supply. 

A more or less accurate estimate of the probable numbers of ty- 
phoid bacilli present in a water supply represents the maximum of 
information which we may hope to obtain regarding the nature and 
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extent of the significant pollution. Even this complete knowledge, 
however, would fail to give an accurate measure of the sanitary 
quality of the water, unless it could be correlated with a knowledge 
of the effect which the known numbers of typhoid bacilli will pro- 
duce in the causation of typhoid fever among persons who drink the 
water. 

To recapitulate; sanitary surveys and bacteriological examina- 
tions give only indirect and inferential knowledge as to the probable 
presence and numbers of typhoid bacilli in a water supply. Even 
were this knowledge much more direct and exact, it would still fall 
short of being all that is needed for an estimate of the sanitary 
quality of the water. The second requisite is an equally exact 
knowledge of the effects which the known pollution will produce. 


DETERMINATION OF THE EFFECTS PRODUCED BY WATER SUPPLIES IN 
THE CAUSATION OF TYPHOID FEVER 


The exact dosage of typhoid bacilli necessary to cause infection 
is unknown, primarily because it has not been possible to determine 
directly the numbers of bacilli actually ingested by individuals who 


have contracted typhoid fever. Determination of the effects of a 
given dosage of typhoid bacilli even by indirect means is exceed- 
ingly difficult because of the probable influence of several variable 
factors other than dosage in causing infection. 

Infection signifies more than the mere introduction into the 
human body of a given number of living specific organisms; it 
signifies the establishment of these micro-organisms within the 
body, their multiplication, invasion of the body tissues and the 
formation of toxic products, all of which must be accomplished 
against the resistance of the human body. The introduction of ty- 
phoid bacilli into the human digestive tract inaugurates a struggle 
between the infecting organisms on one side and the human body 
on the other. Infection results only when the typhoid bacilli have 
overcome the resistance of the body in the preliminary stages of 
this struggle, and have reached a stage of development within the 
body such as to call forth a final effort against them, exhibited in 
a general reaction which we recognize as the symptoms of typhoid 
fever. 

The following are some of the theoretical considerations which 
may influence the outcome of the struggle and determine whether 
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or not infection will result from the introduction of living typhoid 
bacilli into the human body. On the part of the bacillus there is 
the factor of “infectivity,” or ability to establish itself and multiply 
within the body. There is also the factor of “pathogenicity” or 
“virulence,” that is ability, after having become established in the 
body, to give rise to toxic products which will result in illness. It is 
at least probable that typhoid bacilli may vary widely and perhaps 
independently in these two respects. On the part of the human body 
a variable factor is the ability to resist infection, or its antithesis 
“susceptibility.” There is good reason to believe that susceptibility 
to typhoid infection varies widely in different individuals, and per- 
haps in the same individual at different times. Except for the fact 
that resistance is greatly increased by prophylactic vaccination and 
by a prior attack of typhoid fever, little is known of the circumstances 
which affect susceptibility; and there are no means of directly meas- 
uring the resistance or susceptibility of an individual to this 
infection. 

Other things being equal, we may well suppose that dosage, that 
is, the number of typhoid bacilli introduced, is the factor which de- 
termines whether or not infection will result. It is highly probable 
that the resistance of the human body against typhoid infection is 
relative, not absolute; that an individual capable of resisting the in- 
vasion of a given number of typhoid bacilli would not be able to 
resist invasion of say ten times that number. Or, to state it dif- 
ferently, the more numerous the typhoid bacilli introduced, the 
greater is the probability that some of them will succeed in passing 
the defenses of the body. In comparing individuals, however, we 
cannot assume that dosage is the determining factor in infection 
because of the possible influence of the variable unknown factor 
of individual susceptibility. If, however, we divide a population 
into sufficiently large groups, similar in respect to age-distribution 
and other general characteristics, we may assume that the average 
of susceptibility is the same in all groups. Given, then, a uniform 
infective agent, that is typhoid bacilli derived from the same source, 
we may assume that dosage now becomes the determining factor; 
and that the occurrence of typhoid fever in any group will be pro- 
portionate to the exposure of that group to infection. 

Reversing the argument, it may be concluded that the dosage or 
exposure to infection has been greatest in that group exhibiting the 
highest proportion of cases. This principle of reasoning is commonly 
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applied in undertaking to locate the source of typhoid infection. 
The reasoning is valid only when the population groups are suf- 
ficiently large and the number of cases occurring in each sufficient 
to be significant. 

This review of the factors entering into infection is intended to 
illustrate the difficulties in the way of determining the effects of a 
given dosage of typhoid bacilli. Even were it possible to undertake 
human experiments, it is obvious that these would have to be per- 
formed on a most extensive scale, with large groups of people and 
with bacilli derived from many sources, subjected to many condi- 
tions. Especially would it be difficult, by such experiments, to ar- 
rive at a definite. conclusion regarding the minimum dosage of ty- 
phoid bacilli which might occasionally result in infection. As a 
matter of fact, lacking experimental observations, we have only in- 
direct means of determining the probable dosage of typhoid bacilli 
necessary for infection. 


SOURCES OF KNOWLEDGE CONCERNING THE EFFECTS OF WATER 
SUPPLIES IN CAUSING TYPHOID FEVER 


A knowledge of the actual effects of water supplies in the causation 
of typhoid fever is derived from studies of epidemic outbreaks and 
endemic prevalence. The endemic typhoid occurring in any com- 
munity includes the sum total of cases resulting from the operation 
of all causes. While communities differ markedly in respect to their 
rates of endemic typhoid prevalence no community of considerable 
size in this country is altogether free from the disease. An epi- 
demic, in the commonly accepted sense, can not be precisely de- 
fined, since the term is a relative one. Any outbreak of cases suf- 
ficiently numerous and sudden to stand out distinctly separated 
from the usual endemic typhoid in that community may be consid- 
ered an epidemic. The proportion of cases to total population 
which may be considered to constitute an epidemic depends, then, 
to some extent, upon the usual rate of typhoid prevalence in the 
community. 

A sharply defined epidemic of typhoid fever affords the best op- 
portunity to determine definitely the effect of a water supply in the 
causation of this infection. This is so primarily because the very 
distinctness and sudden development of an epidemic argue the op- 
eration of a single, distinct and unusual cause, the spread of infection 
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from a single source, since it is essentially improbable that two or 
more unusual sources of infection should have developed independ- 
ently and simultaneously. 

Space does not permit more than the briefest discussion of the 
methods whereby a water supply may be proven to have caused an 
epidemic of typhoid fever. Starting with a general knowledge of 
the sources and potential routes of typhoid infection, and with the 
assumption that the epidemic has had its origin from a single source, 
it remains to find the source and vehicle of infection common to all 
or most of the cases. This is accomplished by investigation of each 
case, inquiring into all the routes by which infection might have 
reached this case, that is into the circumstances of any exposure to 
infection from a recognized prior case of typhoid, and into the 
sources of all articles of food and drink. Comparing the histories 
of a sufficient number of cases it is easy to arrive, by elimination, at 
the vehicle of potential infection common to all, or nearly all. In 
the case of a water supply used by a large majority of the popula- 
tion the mere fact that all the typhoid patients have drunk this 
water is obviously of no special significance, since this would neces- 
sarily be so, no matter what the cause of the epidemic. 

It is, in such case, necessary to exclude other vehicles of infection, 
to show that the water supply is the only vehicle of infection common 
to a significant proportion of the cases. The next step in the evi- 
dence is to demonstrate the probability that the water supply 
was infected with typhoid bacilli at such a time as to account for 
the epidemic. This can usually be accomplished, even though it 
may not be possible to find the individual sources from which the 
water supply became infected. Finally, if it is true that the water 
supply has been the means of disseminating the epidemic, all the 
circumstances of the outbreak will be more fully consistent with 
this than with any other hypothesis, forming a conclusive chain of 
circumstantial evidence. 

A great number of well studied typhoid epidemics, conclusively 
traced to infection of water supplies, have afforded opportunities to 
observe and measure definitely the extent of infections caused by 
these water supplies among their consumers. Unfortunately, the 
water supplies responsible for such definite epidemics have seldom 
been closely examined bacteriologically during the period of their 
known infectivity, so that the extent of pollution which has pro- 
duced the definitely determined effect is not known. The study of 
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epidemics has, therefore, failed to give a definite idea of the probable 
dosage of typhoid bacilli responsible for the causation of known per- 
centages of infection among those exposed. 

The effect of water supplies in the causation of endemic typhoid 
fever is a matter of greater public health importance and at the same 
time more difficult to determine, because the endemic typhoid in a 
community represents the sum total of infections from all sources 
and through all routes. Our most definite knowledge and nearest 
measure of the effects of known water supplies in contributing to 
the endemic prevalence of typhoid fever is derived from the study 
of communities in which a distinctly marked change in the extent 
of pollution of the water supply has been followed by a correspond- 
ingly definite change in the rate of typhoid prevalence. Among the 
best examples are the many cities in which effective filtration of 
polluted surface water supplies, previously used without purification, 
has been followed by a marked decrease in typhoid prevalence. 
Even here, however, the observed reduction in typhoid prevalence 
is not an altogether reliable measure of the previous effect of the 
polluted water supply in the causation of this disease. It is pos- 
sible, on the one hand, that a reduction in the amount of water- 
borne typhoid, eliminating a number of local sources of infection, 
may have resulted in a reduction of cases previously caused by sec- 
ondary infection from these sources, thus magnifying the appar- 
ent. effect of the water supply. On the other hand, it may be that 
the water-borne typhoid, though obviously reduced, has not been 
completely eliminated. The effect of this would be to reduce the 
apparent previous effect of the water supply. 

A study of such communities as above cited, during the period 
when known polluted water was used, has revealed certain fairly 
distinctive characteristics in the distribution of typhoid fever in 
communities where a large proportion of the total endemic typhoid 
is water-borne. Briefly these characteristics are: 

1. A rate of prevalence notably higher than in other communi- 
ties, similar in respect to climate and other significant conditions, 
but using water supplies less highly polluted. 

2. A prevalence relatively high during the winter and spring, often 
reaching its maximum in these months. 

3. A relatively uniform distribution throughout the population, 
without reference to environmental factors other than water supply. 

In these same communities, subsequent to purification of their 
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water supplies, and in other communities where intensive studies 
have shown that the water supplies are small or negligible factors 
in the causation of the disease, endemic typhoid shows contrasting 
characteristics in its distribution, viz: 

1. A rate of prevalence generally proportionate to the opportuni- 
ties afforded for contamination of food supplies with human excre- 
ment. Conspicuous factors are faulty methods of local sewage dis- 
posal, resulting in the exposure of human discharges to flies and 
other carriers; and laxity of sanitary administration in respect to 
isolation of typhoid patients and the safeguarding of milk and other 
food supplies. 

2. A seasonal prevalence quite regularly reaching its maximum 
during the summer and autumn months, declining markedly during 
the winter and spring. 

3. A relatively high prevalence among those elements of the popu- 
lation who, by reason of their habits or environment, are evidently 
more exposed to infection from local sources. 

These and other more or less distinctive characteristics in the 
distribution of typhoid fever assist materially in arriving at an esti- 
mate of the probable effect of the public water supply in contribut- 
ing to the endemic prevalence of the disease in a given community. 
The accuracy of such an estimate is proportionate to the thorough- 
ness and precision of the study upon which it is based. It may be 
emphasized, however, that the number and complexity of factors 
entering into the causation of endemic typhoid is such that we can 
not hope to estimate with quantitative precision the effect of water 
or any other single factor. An illustration will perhaps serve better 
than a general discussion to present a conception of the limitations 
of epidemiologic methods in determining the precise influence of a 
single factor. 

Assume the hypothetical case of a city where a rather highly pol- 
luted surface water supply has been in general use, and where the 
average rate of typhoid incidence is 1000 cases per 100,000 of popu- 
Jation yearly. Suppose that, in actual] fact, 80 per cent of the total 
cases are due to infection conveyed by the water supply, the remain- 
ing 20 per cent being due to infection from all other sources. The 
distribution of typhoid in this community would, in all probability, 
be such as is characteristic of comunities in which a polluted sur- 
face water supply is the predominant vehicle of infection. By care- 
ful study, it should be readily possible to conclude that most of the 
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typhoid was water-borne, and a relatively small proportion due to 
infection from other sources. It would not, however, be possible to 
determine definitely the exact percentage due to water and to other 
factors respectively. Suppose now that following the installation 
of filters, providing a water supply showing only slight evidences of 
pollution, the total incidence of typhoid fever in this community 
has been reduced to one-fourth, that is 250 cases per 100,000 yearly. 
Assume that factors other than water cause precisely the same 
amount of typhoid as previously, that is, 200 cases per 100,000, 
and that the water supply continues to cause the remainder, or 50 
cases per 100,000. The proportion between the water supply and 
other factors in the causation of the disease has now been reversed, 
so that the water supply causes only 20 per cent of the total cases. 
Careful study might now be expected to show conclusively that by 
far the greater proportion of the cases were due to infection con- 
tracted from sources other than water supply. It is, however, ex- 
tremely doubtful that it would be possible to determine conclusively 
whether or not the water supply continued to cause a certain small, 
not definitely determined proportion of cases. In other words, the 
methods of study are not sufficiently accurate to differentiate be- 
tween, say, 20 per cent of cases due to water-borne infection, 10 per 
cent, and none. 

The principle which the above illustration is intended to illustrate 
is simple. A number of factors, more or less obscure, complex and 
interrelated, enter into the causation of endemic typhoid fever. 
The operations of individual factors can be distinguished only by 
circumstantial evidence. Quite evidently the ease and certainty 
with which the effect of water supply or any other individual factor 
can be recognized is proportionate to the prominence of the factor. 
The larger the ratio of its effect to the combined effect of all other 
factors, the more distinctly can it be discerned. Conversely, as the 
effect of any single factor becomes smaller in proportion to the total, 
the greater the difficulty of recognizing and distinguishing it; and 
there is entirely good reason to believe that the effect becomes indis- 
tinguishable before the factor is entirely eliminated. Applying this 
principle to the judgment of water supplies, the fact that it is im- 
possible to clearly detect evidence of water-borne infection in a 
community does not satisfactorily prove that the water supply ac- 
tually plays no part in the causation of this disease. It must then 
be recognized that we are as yet unable to determine the least amount 
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of pollution of a water supply which may be responsible for a very 
slight incidence of typhoid fever. 

To recapitulate: bacteriological examinations, combined with a 
careful survey of the sources of pollution and of the safeguards 
against them, give accurate knowledge of the extent of pollution of 
a water supply in terms of intestinal bacteria from all sources. 
They give only indirect and inferential knowledge of specifically 
dangerous pollution with typhoid bacilli. To make the knowledge 
acquired by bacteriological examinations and sanitary surveys sig- 
nificant with respect to the sanitary quality of water, it is necessary 
to know the effects produced by a given amount of pollution. Such 
effects can be definitely ascertained and measured in the case of epi- 
demic outbreaks, proven to be due to the use of polluted water sup- 
plies. The effects can be definitely recognized but not accurately 
measured in the case of highly polluted water supplies causing high 
rates of endemic typhoid prevalence. In the case of slightly pol- 
luted water supplies it is not philosophically possible to probe by 
present methods whether or not they may cause a relatively small 
incidence of typhoid fever, so small as to be obscured by other more 
prominent factors. 

This paper is not intended to present a pessimistic point of view 
or to deny the possibility of forming a reasonably accurate esti- 
mate of the sanitary quality of a water supply. On the contrary, 
the writer wishes to express his entire confidence in the reliability of 
an expert opinion, formed after careful study from all angles, and 
stated conservatively, with an understanding of the limitations of 
the evidence. Unless these limitations are remembered, however, 
there is always the danger of drawing too sweeping conclusions 
from evidence bearing solely upon the extent of pollution of a water 
supply. 

As regards establishing a firmer basis for opinions in the future, 
this must obviously be accomplished by improving and extending 
not only laboratory studies of the quality of water supplies, but 
equally epidemiologic studies of their relation to typhoid prevalence. 
Methods of epidemiologic study, like bacteriological and chemical 
methods must be so standardized that results can be summarized 
into a general fund of knowledge. Routine bacteriological exami- 
nations of water supplies, closely coérdinated with careful, long- 
continued epidemiologic studies may be confidently expected to in- 
crease, perhaps to an extent not now foreseen, our ultimate knowl- 
edge of the sanitary safety of water supplies. 
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DISCUSSION. 


Mr. Freperick H. Stover: Dr. Frost made the statement that 
improved water supplies in many cases got credit for doing more 
than they really did, in that, while they perhaps reduced the primal 
causes, and while many secondary contact cases which might have 
resulted from these did not occur, the water supply erroneously got 
credit for the whole. Was the statement understood correctly? 


Dr. W. H. Frost: No; the statement was not quite in that form. 
The statement was that it was a possibility. 


Mr. Freperick H. Stover: In that case why should not the water 
supply have the credit? The decrease in typhoid mentioned above 
is due to the improved supply, therefore why does not the supply 
have the credit for accomplishing it? 


Dr. W. H. Frost: It does get the credit, but there is a possibility 
of an error. 


Mr. WiuuiaM H. Jeweuu: The speaker was very much interested 
in Dr. Frost’s paper, because there are a lot of mighty fine facts 
stated there—a lot of material to think about and work upon; but 
the thought was suggested that a matter concerning the vital statis- 
tics of typhoid fever in our municipalities was one that was corre- 
lated with the milk supply, and the question arose whether we 
ought not to consider the effects of the water that goes into the 
milk, either directly or indirectly, in relation to the typhoid statistics 
of our cities. 

An instance occurred at the little village of Park Ridge, near 
Chicago, where they had twenty cases of typhoid fever, one right 
after another, in less than ten days, and the public schools had 
practically to close. Now that was traced by the health commis- 
sioner to a certain milk supply. After looking into the question a 
little bit, it was found that this dairyman was supplied with water 
from the owner’s well. Now, he was within the corporate limits and 
the supply of the village water works was available. It would seem 
that it is not doing the water works manager or superintendent jus- 
tice not to consider those cases, and if possible provide some means 
to make these dairies take city water when they are within the limits 
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- of main extensions, and the speaker thinks that you will find that 
where the milk supply of a local community is derived largely from 
its environments, and water mains are extended out the typhoid 
becomes less, due to the general propaganda against impure well 
water. 


Dr. Bartow was asked if he knew of any jurisdiction over the 
water supply of these dairies in the state; and it appears that, in 
Illinois, there is no investigation being made of the water supplies 
for dairies, but there should be. 


Dr. Jesse M. Wortuen: At Charleston, 8. C., last spring we 
had a hundred and sixty cases of typhoid within three weeks, and 
it was traced to the milk supply from two dairies, one using cistern 
water and the other using their own well water. One was within 
the corporate Jimits; the other was not, both of them were within 
three hundred feet of the water supply. The health officer traced 
the epidemic to these two dairies absolutely; and when they were 
made to sterilize everything, there were no new cases. 


Dr. Epwarp Bartow: Those who have read the report on stand- 
ards for interstate carriers have noticed that no chemical standards 
have been formulated, and they will notice that in the work which 
we did in the examination of our one hundred samples, we made 
chemical examinations. Apparently the chemical content of the 
water was pretty good. 


Mr. Cuarues P. Hoover: It does not seem advisable, to the 
speaker, to establish a standard of hardness for water to be used by 
interstate carriers, but it might be well to insist that water contain- 
ing more than one grain per gallon excess lime or any excess soda ash 
should not be used. This would prevent water tanks from being 
filled with water from railroad water softening plants. The speaker 
knows from experience that the water at these plants is sometimes 
grossly overtreated with the softening reagents. Again if the stand- 
ard demanded a water of low degree hardness it would be a further 
incentive to use water from these plants. Although we have not, 
as yet, had time to give the new bacterial standard a thorough 
test, still we feel that it may be too high. 

The daily bacterial records at the Columbus plant indicate that 
positive presumptive tests in 10 cc. portions of the filtered supply 
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do not always mean an unsafe water, for they sometimes occur when 
1 cc. portions of the same sample do not contain any bacteria. 
Therefore, the bacteriological standard for water adopted by the 
Treasury Department for the drinking water supplied to the pub- 
lic by common carriers in interstate commerce may work an injus- 
tice upon well regulated municipal water purification plants, for 
undue suspicion is apt to be thrown upon the plant, and the minds 
of the citizens may become unduly prejudiced against their public 
water supply if it becomes known that the water has at some time 
failed to meet the government requirements. 


Mr. GeorcEe R. Taytor: Will Professor Bartow please state 
whether in his opinion there would be any difference between the 
storage of a filtered water and the storage of an ordinary spring or 
raw water in the cooler. That is, will not the filtered water deteri- 
orate more rapidly than water that has not been treated? 


Dr. Epwarp Bartow: That would depend upon conditions. 
With the same kind of bacteria in each sample, the deterioration, 
which would be measured in the growth of bacteria, would prob- 
ably be the same. With different bacteria to start with, measuring 
simply the number of bacteria, there would probably be a difference; 
but which would deteriorate the more rapidly the speaker would 
not pretend to say. 


Dr. Jesse M. Wortuen: Is the question of whether the ice used 
in the tanks on the common carriers is artificial or natural ever con- 
sidered in the quality of the water after it has been iced? 


Dr. Epwarp Bartow: Many of the common carriers, especially 
on the Pullman trains, do not allow the ice to come in contact with 
the water. In the coaches it is not quite so true. Natural ice is, as 
a rule, good when taken. It may be, of course, contaminated in 
handling. That is something that must be looked out for, and the 
railroads are codéperating to eliminate, as far as possible, any con- 
tamination after the water is collected. 


Dr. Jesse M. WortHEN: How about the manufactured ice? You 
very often strike it containing sodium chloride from leaky pans, and 
sometimes that comes in contact with the water and establishes a 
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chemical standard of different elements that would increase the chlo- 
rine and ammonia if it came in contact with the water. 


Dr. Epwarp Bartow: In the samples of water which we analyzed 
we found some with very little chlorine and a residue of from thirty 
to fifty parts per million. That would mean that the water which we 
obtained from the coolers was practically melted ice. It would be 
possible for a railroad in a country where the residue is high, a 
complaint that is often made through the southwestern states, to 
so dilute the water with ice water as to have a pure soft water that 
will conform to any standard; thus would be avoided any of the 
physiological actions on the passengers that would be caused by a. 
change from a comparatively soft water to a water with a high resi- 
due consisting perhaps of sodium sulphate and magnesium sulphate. 
In the one hundred waters that we analyzed there were only three 
that had a residue of over five hundred. 


Mr. Freperick H. Stover: It would seem that where there is 
only a bacteriological standard, it might be possible for carriers to 
get around that easily, simply by filling a supply tank from any 
convenient source, chlorinating this tank and then filling the con- 
tainers in the cars from this. In this way it would be compara- 
tively easy to take water from almost any convenient source and 
yet have it pass inspection when drawn from the coolers in the 
cars. 

While it might be possible to obtain a fairly safe water in this 
way, and one that would pass the bacteriological test in many cases, 
the continued use of such a water would be apt to prove undesirable, 
since the supervision of such a small installation would in a majority 
of cases be inferior to that of a Jarger municipal supply. 

A chemical standard if adopted should be along broad lines and 
susceptible of a liberal interpretation. 


Mr. Witson F. Monrort: Will Mr. Hoover explain one matter 
in his discussion, when he spoke of gas formation; does he refer 
just to the formation of gas in lactous broth? 


Mr. Cuarues P. Hoover: Gas formation in both lactose bile 
and dextrose broth. In some of the tabulated literature on bac- 
terial work it- has been noted, on several occasions, that more B. 
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coli were found than total numbers of bacteria. If these results are 
correct then it would appear that too much dependence cannot be 
placed on results obtained with liquid media. 


Dr. W. H. Frost: The speaker has no special license to act as 
spokesman for the public health service, but he may, perhaps, be 
able to present a point of view from the side of the service. The 
public health service has not only the authority but the responsi- 
bility of protecting the health of passengers in interstate traffic. 
There are two ways in which the question of controlling the water 
supplies on common carriers may be approached. First, by insti- 
tuting an inspection of all the sources of water supply and by main- 
taining careful supervision over them and over methods of handling, 
such as to insure that safe water will be served to passengers. This 
is, perhaps, the ideal way, but a little consideration will show that 
this method necessitates not only an extensive survey to cover all 
the sources of supply, but the maintenance of a large force to keep 
up supervision over these sources and the maintenance of another 
large force to supervise methods of handling the supplies. 

The other angle from which the proposition might be approached 
is by applying the same principle as is applied in the enforcement 
of pure food laws; that is, by requiring that the water, as served 
to passengers, shall conform to certain specified standards of quality, 
placing upon the carriers the responsibility of choosing such sources 
of supply and methods of handling as will enable them to meet the 
requirements. This automatically imposes upon the carriers the 
necessity of using only good sources of supply and cleanly methods 
of handling. 

The standards adopted by the Treasury Department are quite 
properly rigid and high, because of the fact which the speaker tried 
to bring out this morning, that it is difficult to say just where the 
danger line lies. It seems the only safe policy is to adopt such stand- 
ards as will certainly insure safe water. Undoubtedly the regula- 
tions are rigid; but it is intended that they should be. Common 
carriers use only comparatively small amounts of drinking water, 
and, although it may involve using purification processes which 
would be quite expensive if applied on a large scale to municipal 
supplies, it is entirely practicable for carriers to purify their water 
supplies to the point where they meet the requirements. 

' The speaker does not know exactly what steps the public health 
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service is taking or proposes to take in enforcing these requirements, 
or just how it is intended to apply the standards; but does know 
that the service does not wish to embarrass those of you who have 
charge of municipal supplies by wholesale condemnation of all water 
supplies which do not conform to these standards. If the applica- 
tion of these standards will help to encourage municipalities to im- 
prove their water supplies, that will be a good thing. 

While speaking, in reference to a statement which Mr. Hoover 
made, that B. coli, according to standard methods of testing some- 
times turn out ten times as numerous as the total bacteria, the 
speaker would say that he has never had any such experience; our 
results are very consistent. Of course it might easily happen that 
in a single examination or a small series the B. coli would figure out 
more numerous than total bacteria, but the speaker never found it 
so in the results of any considerable series. 


Mr. Puitie Burcess: Would not the embarrassment be rather 
upon the common carrier than upon the community? In an in- 
stance where a local Pullman sleeper starts in a city where no such 
certificate has been furnished and the Pullman Company is obliged 
to ship water at considerable expense into this city from a neigh- 
boring community which has a certificate. It seems that the em- 
barrassment is upon the carrier rather than upon the community. 

How are these certificates issued, for what period of time, and on 
what basis of examination? 


Dr. W. H. Frost: At the present time it is merely a case of cer- 
tifying water from certain sources. Certificates are issued after 
examinations made by state or local officials. 


Mr. Puitie Burcsss: Not by any national officer? 


Dr. W. H. Frost: No; the service calls upon state officers to 
make examinations of water supplies within their own states. 


Mr. Wo.J.OrcHArp: In the New Jersey State Board of Health we 
had considerable opportunity to see the effect of the certificate is- 
sued to railroad companies in regard to the quality of water fur- 
nished in cars and stations. Whenever we received a request from 
any of the many railroads in New Jersey, for certification of a water 
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supply, we not only examined the records of analyses on file in our 
laboratory, which we are required by law to make four times a year, 
but we also, wherever there was any question, had an inspection 
made of the water shed. The speaker was of the opinion, as other 
men of that department were, that this matter of certifying the 
water supply for common carriers would tend very much to improve 
the character of supplies in small towns where railroads use a con- 
siderable quantity of water for their coaches and cars. 


Mr. Grorce R. Taytor: In regard to certification in Pennsyl- 
vania, we have had considerable experience there as a private water 
company in making out these certificates. Many of the small towns 
which we supply have no local health authorities that know anything 
about the purity of the water, but many of these certificates have 
been turned over to us and signed by us, certifying that we make 
regular analyses of the water. In cities where we have local boards 
of health they have filled out these certificates, but our filling out of 
the certificates has been accepted by the railroad company, at least, 
as satisfactory. In our section no inspection has ever been made 
by the state health authorities. 


Dr. D. P. Curry: The speaker wishes to ask two questions; they 
are not altogether related, but will ask both. One relates to sub- 
mitting samples to the State Board of Health. Now, of course, the 
government has adopted an arbitrary standard, as they had to do, 
but the speaker cannot see the reason of the necessity of icing other 
samples sent to us, for in addition to that we are examining the 
water supply of the entire state—private wells, cisterns, streams, 
ponds, any source of water used or consumed by the family. Some 
portions of our state are seventy-two hours from the laboratory by 
the methods of transportation. Some are away back in the moun- 
tains. The constant complaint, when we send them a container, is 
“we cannot get ice.’ It costs too much money, and they say 
“will you allow us to send them in uniced by parcel post?” If it 
could be permitted, we could do a great deal more work. Being 
the only man in Kentucky excepting my assistants doing this work, 
it is impossible to cover the ground by personal inspection. Our 
analyst is not busy all the time. We want all the samples of water 
we can get, and we would like to ask the opinion of the men here who 
are familiar with the public health association whether it is possible 
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that samples could be sent to us from a distance, uniced, by parcel 
post. 

We get rather an increase than a decrease of bacteria. Of course, 
we know that the bacteria die as the result of storage, and it is a 
question whether, in the course of seventy-two hours, enough of 
these bacteria would die out to give us a sample which did not show 
the pollution. We do not object to the increase of evidences in pol- 
lution in a private water supply; all we want to know is the poten- 
tiality, and it will greatly extend our work and usefulness, and also 
reach a great many more people in the state of Kentucky, if we can 
use the parcel post in sending out containers. They are very rigid 
about using iced samples, but that means that perhaps 30 per cent 
of the people of the state of Kentucky will be deprived of analyses. 

In one place where there were 56 cases of typhoid fever out of 120 
or more people, the speaker called to his aid the public health service 
rather than send uniced samples in; but at the same time did send 
samples by parcel post to our laboratory, and the results were ab- 
solutely identical except, of course, the results in gas. But the 
speaker wishes that some one here that knows a great deal more 
than he does about it, would contradict Dr. Frost for him, that 
the state of Kentucky would be justified in receiving samples for 
analysis without ice. 

There is a condition south of the Ohio river that few men north of 
it can comprehend. There are whole counties without a privy at- 
tached to a school house; counties where not one house in ten has a 
privy of any sort. When they do have them, the privy and wells 
are found very close together for the sake of convenience, and it is 
absolutely vital and necessary to the welfare of the state that we 
bring to the attention of the people the fact that these wells, which 
apparently yield clear, sparkling water, are absolutely unfit sources 
of water for human consumption. If we send them one of our ex- 
pensive containers made in the form of an ice box, they will keep 
them for months at a time because they have no ice, and perhaps 
not one-fifth of the containers are in active use at a time. They 
will hold them till winter comes and then there is plenty of ice, 
and possibly by that time conditions in the water have changed. 
It is really not a small matter with our department and the speaker 
would like to know if the men here present think that the chances 
are that the pollution of water would disappear in these conditions? 
The other question he wishes to submit is in regard to the advisa- 
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bility of reclaiming the wash water from a filter plant. One of our 
water companies wishes to replace the wash water, after sedimenta- 
tion in a separate tank, into the raw water, and then to get rid of 
the sludge in the reclamation tank by drainage to low ground. 
There being no plants of this kind in his state he is without experi- 
ence in the matter and desires the advice of someone present as to 
whether to allow it. 


Dr. Epwarp Barrow: In a situation such as the gentleman men- 
tions, using some of the containers we would make analyses at the 
end of six, twelve, twenty-four, thirty-six, forty-eight, or whatever 
it might be, hours, and determine for ourselves what the results were, 
and even if we could not conform to the standards, we would make 
our own standards. We would hesitate, however, to condemn a 
water which, after storage of four or five days, was shown to con- 
tain slight pollution, because of the great possibility of multiplica- 
tion of bacteria. Care should be taken in the general condemna- 
tion of waters of that kind. ; 

With regard to wash water there is a paper submitted by Mr. 
Babbitt of the University of Illinois (see page 393, vol. 2, JouRNAL 
Am. W. W. Assn.), telling about the reclamation of the wash water 
of the Champaign and Urbana Water Company. That is not ex- 
actly parallel to the case which was mentioned. They have been 
able, however, to save more than 80 per cent of their wash water; 
allowing it to fall into a sedimentation basin and then pumping the 
supernatant liquid into the receiving reservoir. By the use of a 
little alum they are able to remove practically all of the suspended 
matter, and very little extra burden is placed upon the filters. With 
a little care, and especially with bacteriological control such an ar- 
rangement might be entirely possible in a regular filter. 


Mr. Paut Hansen: The speaker may be able to offer some slight 
suggestion relative to the difficulties that have been referred to. 
He happens to have a little familiarity with wells in Kentucky and 
knows that many of them are badly contaminated. 

An analysis of the water is, after all, merely one point of evidence. 
You may get a good analysis from a well that is subject to contami- 
nation at times, so that an analysis may be quite inconclusive. On 
the other hand, if one knows that a well is near a privy, if one knows 
that it is subject to the entrance of surface drainage, and if one further 
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knows that a stable yard and possibly a pig pen are not very far 
off, there is no need of having an analysis. So that before any analy- 
ses are made at all there should be obtained a complete description 
of the source of supply, using perhaps blank forms for this purpose. 
If it is found that the source is an ordinary open type well, that it 
is in close proximity to various sources of contamination, one can 
say offhand that that well is not satisfactory because it is unques- 
tionably in danger of contamination and that an analysis is not 
worth while until the sources of danger are removed. 

While in Kentucky the speaker pursued that policy, and was 
much more certain of his judgment of the quality of water from wells 
than he would have been with analyses alone. 


Mr. Freperick H. Srover: In reply to second question the 
speaker wishes to say that in the treatment of clear water he be- 
lieves it is an advantage to mix the wash water with the water un- 
der treatment, because the residual coagulant present in the wash 
water forms a desirable matrix expediting the formation of a new 
floc. 


Mr. Witson F. Monrort: Some second hand experience regard- 
ing the sending of uniced samples may be of interest. There was a 
plant in one corner of Missouri sending samples to a state labora- 
tory for examination. The first, the second, the third and the 
fourth were condemned. The fifth one arrived, was passed upon 
as good, with the remark, ‘This is the first sample we have gotten 
from your city which was iced.” All the others had high counts 
and bad records. It is questionable whether you would not get too 
bad a result from your uniced samples. If you are limited to send- 
ing small packages by parcel post, have you considered putting 
your portion of media into the sterile bottle and having it incubate 
on the way for fermentation test only? Is it possible for you to 
accomplish that and have the incubation under way before the 
sample reaches you? The speaker is not sure that that could be 
worked out. You might have trouble; you mighthave explosions; 
you might have leakage; but is there not some way of having your 
package so put up that you might get an enrichment on the way 
and examine your sample afterward. You might have to use solid 
media before the method could be gotten into shape. The speaker 
would be very doubtful about a sample by parcel post which was 
then submitted to the ordinary examination. 
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Mr. Putte Burcess: The speaker has had some experience simi- 
lar to those of Mr. Monfort. He was employed by the Ohio State 
Board of Health for some three years to investigate the water puri- 
fication plants in Ohio; and, in a number of instances, he made it a 
special point to send samples into the laboratory and at the same 
time to make bacterial tests at the plant. The tests showed con- 
clusively that, in the summer time, even when the samples were 
well iced, results obtained in the laboratory may have little, if any, 
value, because the total number of bacteria generally increases 
and because B. coli sometimes increase and sometimes disappear 
altogether. 

Where it is not possible to remain on the ground sufficiently long 
to complete the presumptive B. coli tests, experience indicates that 
satisfactory results may be obtained by inoculating the fermenta- 
tion tubes and shipping the tubes by express to the laboratory, 
where they are incubated. Apparently similar results are obtained 
by this method as would be obtained if the incubation commenced 
when the tubes were first inoculated. Moreover, such a procedure, 
of course, saves considerable time in the field. 

The application of hypochlorite of lime to a water supply also 
introduces a feature which affects the results of analysis which may 
be obtained on the ground or on shipped samples. The germicidal 
action of the hypochlorite of lime continues, and, of course, affects 
the shipped samples, so that a less bacterial content may be obtained 
when samples are shipped to and analyzed at the laboratory than 
would be obtained were the samples plated and incubated immedi- 
ately after collection. This feature, of course, has an important 
effect upon the value of analyses obtained from shipped samples. 


Mr. Wo. J. OrcHARD: It might be of interest to the gentlemen 
present to know that about two months ago in New Jersey, at the 
suggestion of Dr. Fitz Randolph, in charge of the laboratory of 
hygiene, there was instituted a system of shipping 250 centimeter 
bottles out to the various water companies, the supplies of which 
were obtained from deep wells and the quality of which had been 
ascertained pretty definitely by quarterly analyses for several years 
previous. These samples would be sent back to the laboratory at 
Trenton by parcel post. That was largely brought about in order 
to economize in the collection of samples, which the law required 
must be collected by the inspectors of the state boards of health. 
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The speaker is unable to report the results of this procedure, but in 
discussing it we decided that in the case of deep well waters, in the 
twenty-four to thirty-six hours that it would take for the samples 
to reach the laboratory, the bacteriological changes, if any, would 
not be of sufficient consequence to influence the interpretation of 
the analysis, in so far as we knew the quality of the water from 
several years previous work. 

In regard to the other matter that the last gentleman mentioned, 
it was our practice in New Jersey to inoculate bile tubes in the field 
when we were testing water supplies, and then ship them to the 
laboratory or cacry them there in order to save time in incubation 
and in order to get our results sooner than we would had we waited 
to reach the laboratory before inoculating. 


Mr. W. W. De Berarp: Is there not on the market at the pres- 
ent time a sample bottle in which the thermos bottle principle is 
used? If such a bottle were filled and held for a few hours in the 
water of which you want a sample, so as to obtain the same tem- 
perature, the sample would probably retain that temperature for two 
or three days without material change. 


Mr. Paut Hansen: The thermos bottle referred to by Mr. De 
Berard is in the office of Mr. Robert Weston, of Boston. 


Mr. Witson F. Monrort: The one referred to as coming from 
Kansas is gotten up by Mr. Young and two or three others at Inde- 
pendence, but that, however, requires ice. It is simply a fireless 
cooker proposition that carries four or more ordinary sized bottles. 
The one that Mr. Weston uses is a stock thermos bottle, and carries 
from three to eight two-ounce glass stoppered bottles. The quart 
size is not large enough to take a number of four-ounce bottles, but 
would take a single unit for each sample if you are sending the ordi- 
nary four-ounce bottles. 


HOW TO DETERMINE THE SIZE OF TAP AND METER 
By Jacosp 


Up to recently a rule was in force permitting only one $-inch tap 
for each 25 foot frontage, no matter whether the building was two 
stories or twelve stories high. There was no way out of it for the 
consumer except to agree to install meters for the entire supply, 
when an additional tap or a larger tap in the place of the one in 
use would be granted. 

Careful studies have been made to arrive at a fair basis of deter- 
mining the size of tap for all classes of buildings, and it was found 
that the only fair and equitable basis was the ‘‘floor area basis,” 
and early last year a rule was adopted by the water department 
which permits the use of a 3-inch tap for the first 7500 square feet 
of floor area, a 3-inch tap for the first 15,000 square feet and above 
15,000 square feet one §-inch tap for every 10,000 square feet of 
floor space, computed as follows: 


Up to 7,500 square feet................ One }-inch tap 
7,500 to 15,000 square feet................ One }-inch tap 
15,000 to 20,000 square feet................ Two }-inch taps 
20,000 to 30,000 square feet................ Three §-inch taps or equivalent 
30,000 to 40,000 square feet................ Four  -inch taps or equivalent 
40,000 to 50,000 square feet................ Equivalent of five §-inch taps. 


The floor space is computed by multiplying the area which the 
building occupies by the number of floors, exclusive of the cellar. 
The area of the building is computed from the general overall dimen- 
sions exclusive of small projections, such as bay windows, porches, 
etc. An extension to be included in the floor space must be at least 
150 square feet per floor. The resulting figures are called the next 
higher even thousand; viz., 217,500 is considered as 218,000 square 
feet. No building is granted more than four taps, except upon writ- 
ten application accompanied by plans and specifications upon which 
is shown and described specifically the nature or class of business to 
be conducted and the purpose for which the water is required. The 
total number computed is reduced to equivalents. Buildings hav- 
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ing floor space of less than 7500 square feet are granted an additional 
3-inch tap, provided it is found that the pressure under which the 
water is delivered through the main which supplies the building is 
not sufficient to raise water throughout the building without the aid 
of a pump. 

It is sometimes found necessary to give applications for taps to 
supply breweries, ice houses, laundries, power plants, etc., special 
consideration as the floor area rule cannot always be applied to 
them. The contractor or plumber is required to file plans and speci- 
fications, showing the nature of business to be conducted and the 
purpose for which the water is required; also the quantity of water 
required per hour. These are investigated and a report stating the 
reasons for granting a larger size tap is filed simultaneously with the 
issuance of the permit. 

The size of tap for fire purposes is determined by the capacity of 
the fire pump, or by the number of sprinkler outlets. 

The standard sizes of taps in use are 3, ?, 1 and 2-inch. In Brook- 
lyn 13-inch taps are also used. The standard sizes for connections 
or “‘wet connections” are 2, 4, 6 and 8-inch. The sizes of meters 
are 3, 3, 1, 13, 14, 2, 3, 4, 6-inch, ete. 

A 1-inch is the largest screw tap allowed on mains 8 inches in 
diameter or less. A 2-inch screw tap is made on mains 10 inches in 
diameter or over. Taps larger than 2 inches are wet connections. 

Although there is no rule which makes it compulsory for owners 
of premises which face two streets to have a supply from each street 
the consumers are advised to do this, so that the least amount of 
inconvenience is experienced when it becomes necessary to shut down 
a main in one street. It is required, however, that in such cases a 
check valve be placed on each service pipe to prevent back pressure. 

The size of the meter is determined by the size of the tap. A 
meter of the same dimensions as the tap, or one size larger only is 
permitted, but in no case may the meter be of smaller size than the 
tap. The rule limiting the meter to one size larger than the tap or 
connection is on account of the fact that a large meter when sup- 
plied through a small tap will not register correctly. Consumers in 
nearly all cases avail themselves of the privilege of using a meter 
one size larger than the tap. 
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Mr. Witur1AmM Luscomse: It would seem that, while that might 
be a good way of determining the size of the taps, yet there is another 
very important factor that should be considered, namely, the num- 
ber of fixtures, the kind of fixtures and for what purpose the water 
is to be used. We all know of buildings that have large floor space 
where little or no water is used; and on the other hand, buildings of 
very limited floor area where the registration of meters applied to 
the service is comparatively great. The fixtures, faucets, valves, 
etc., and the purpose or purposes for which the water is to be used 
should also be considered as governing factors, as well as the floor 
space. 


FRANCHISES OF PUBLIC UTILITIES AS THEY WERE 
AND AS THEY ARE 


By Henry C. Hopexins 


The developing and perfecting of what the real estate man calls 
modern conveniences and of those structures necessary for furnish- 
ing the means for the employment of these conveniences, which the 
publicist calls public utilities, have been so rapid and have become so 
necessary to every human habitation that public utilities and their 
franchises are receiving the widest publicity and attention as a great 
economic question. It is the purpose of this paper to consider only 
such utilities as are ordinarily within the limits of the municipality. 

Mr. D. F. Wilcox makes the following list of municipal utilities: 
electric light and power, telephone, telegraph, electrical signals, elec- 
trical conduits, water supply, sewerage, central heating, refrigera- 
tion, pneumatic tubes, oil pipe lines, and artificial and natural gas. 
To these the statutes of some of the states have added street rail- 
roads, storage and wharfage. 

’ We can better appreciate the relation of these utilities to the pub- 
lic and the engineer by knowing something of their history. 


PNEUMATIC TUBES 


Mail was transmitted about 4 mile through a pneumatic tube as 
an experiment in the years 1893-1898. In 1908 there were 42.2 
miles, all operated by private companies under contracts with the 
government. 


CENTRAL HEATING 


Central heating is said to have been in successful operation since 
1877. In 1902 there were 130 plants, of which 82 were operated in 
connection with other utilities. 


SEWERS 


Time will not permit to enter upon this subject, but the author 
will merely state in passing that the municipal year book of 1902 
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gave 47 cities and towns as having sewerage systems operated by 
private companies under franchises. 


TELEGRAPH 


The telegraph was invented about the middle of the nineteenth 
century. The Western Union Telegraph Company was incorporated 
in 1851, under the name of the New York and Mississippi Valley 
Printing and Telegraph Company, and assumed its present name in 
1856. 

SIGNALING SYSTEM 


Signaling systems were developed with the telegraph. A great 
variety of wire signaling systems have been evolved. The wireless 
systems have hardly reached the classification of municipal utilities. 


TELEPHONE 


The first regularly equipped commercial exchange was in New 
Haven in 1878. From then until 1894, the date of the expiration of 
the patents, the business of the country was controlled by the Bell 
Telephone Company. 


ELECTRIC STREET RAILWAYS 


Electric trolley roads were first put into operation about 1888. 
The first one was in Iowa, at Des Moines, the second one, at Rich- 
mond, Virginia, was completed in 1888. There were others follow- 
ing closely. The writer’s diary for 1888 states that in June, on a 
trip to see President Wilber of the Lehigh Valley Railroad in regard 
to a steam road, he stopped at Scranton to see an electric trolley in 
operation. They had only a few cars. There were also cars in op- 
eration in Wilkesbarre and they had difficulty with the trolley, and 
at corners a man would climb to the top of the car to keep the trolley 
in contact with the wire. 


ELECTRIC LIGHT 


The first central station operating electric arc lamps was installed 
in San Francisco in 1879, the Brush system. The Edison system of 
incandescent lighting was first put into operation in connection with 
central station lighting in 1880. It was not until some years later 
that the alternating current became a commercial possibility. In 
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1888, the writer installed a central station alternating machine at 
Rochester, Minnesota. At that time the Thompson and Houston 
Company, the predecessor of the General Electric, would give no 
guarantee whatever for their alternating dynamo, not even that it 
would generate the current. 

In 1902 there were 3620 central electric lighting stations; in 1907 
there were 4714 central electric lighting stations; in 1902 there were 
815 or 223 per cent owned by cities. About 1907 the hydro-electric 
commission of Ontario was in operation and had contracted for 
100,000 h. p. at Niagara Falls and Toronto had contracted for 15,000 
h. p. at $14.75 to $17.75. 


GAS 


Richmond, Virginia, may claim to be the first city in America to 
be lit with gas. ‘‘As early as 1800 a tower some 40 feet high was 
erected and the numerous jets that surmounted it were lit from gas 
generated below, by a process invented by a man named Henfry. 
It proved of no value.” 

Gas is said to have been used for lighting in Manchester, England, 
about 1804-1805. In 1813 it was used for lighting London Bridge. 
In the United States a man in Newport, Rhode Island, lighted his 
premises with gas in 1806. A gas company was organized in Balti- 
more in 1816. Boston and New York 1822-1823, Brooklyn and 
Bristol, 1825, New Orleans 1835. 

The early history, so far as available, was a series of failures. 
The first public gas light in Boston was in 1829. Gas sold at $5 to 
$6 per 1000 cubic feet. In 1850, according to the federal census, 
there were 30 gas plants. The writer for a time owned a plant that 
was built in 1851. In 1900 there were 877 gas works. 


WATER WORKS 


Water works are the oldest of all municipal utilities. Water by 
some means has always been supplied, but it is only since about 1800 
that it has been supplied in this country through regular systems of 
piping. 

According to the Manual uf American Water Works of 1890-1891, 
there were in the United States in 1800, sixteen water works of 
which one was owned by the public and fifteen by companies. 

The increase for the next fifty years was slow. 
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In 1850 there were 33 public and 50 private; in 1875 there were 
227 public and 195 private; in 1880 there were 293 public and 305 
private; in 1890 there were 878 public and 1159 private; in 1897 there 
were 1690 public and 1489 private. 

In Canada in 1890 there were 59 public and 36 private; in Canada 
in 1897 there were 109 public and 35 private. 

There has been no compilation of water works statistics since 
1897. The number of works has greatly increased, and the ratio of 
public to private works has also greatly increased, both from new 
construction and purchases by cities of private works. 

It is therefore apparent that private capital has taken the initiative 
in all the municipal utilities, and, with the exception of water works, 
still remains in the possession and operation of a large proportion 
of the municipal utilities. Probably more than 90 per cent of all 
municipal utilities, outside of water works, are operated by compa- 
nies. In this connection the writer would call your attention to the 
statement that prior to 1880 there were probably not to exceed 700 
of what we call municipal utilities in existence in this country, and 
in 1850 only about 120. The question of rights under which these 
companies operated was not regarded of great importance prior to 
1880. 

The inventions of recent years, and the demand for all sorts of 
conveniences, have so increased the utilities that it is essential to the 
engineer to understand the franchises under which they operate. 

Finch gives the following definition: “A franchise is a royal privi- 
lege in the hands of a subject.”” This definition was accepted by 
Blackstone and others. Another definition by Kent is that fran- 
chises are certain privileges conferred by a grant from the govern- 
ment and vested in individuals. 

A definition generally accredited to Chief Justice Taney of the 
United States supreme court is, “Franchises are special privileges 
conferred by the government on individuals and which do not be- 
long to the citizens generally of common right.” 

The word franchise is frequently used to denote a right or privi- 
lege, in a legal sense franchise and liberty are said to be synonymous. 

The definition by Finch has been criticised as not being strictly 
correct under our government and laws, since franchises are based 
in this country upon contracts between the sovereign power and pri- 
vate citizens made upon a valuable consideration for purpose of pub- 
lic benefit as well as individual advantage, and it is said by Chancellor 
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Kent, “Franchises contain an implied contract on the part of the 
government not to invade the rights vested, and on the part of the 
grantees to execute the conditions and duties prescribed in the 
grant.” 

Distinction should be made between corporate franchises and 
special franchises. A corporate franchise is the right to exist as a 
corporation and do the business specified. A special franchise is, 
for example, the right to enter upon highways, public grounds, etc., 
and place certain structures thereon. 

Much confusion has existed as between a contract and a franchise 
for the reason that both are frequently embodied in the same ordi- 
nance. As stated by Chancellor Kent, a franchise generally con- 
tains an implied contract or covenant, but a contract to render a 
specific service as, for example, lighting of streets or water for fire 
protection is not a franchise, although a franchise may be and gen- 
erally is necessary for carrying out the contract. 

For the purpose of comparison and also to show what the general 
provision of statutes has been regarding franchises the following 
table was compiled from information obtained from the two volumes 
of The Law of Incorporated Companies Operating Under Municipal 
Franchises, by Allen R. Foote, and Charles E. Everett, which brings 
the subject down to 1892. 

In 41 states in the table, the length of time for which a franchise 
may be granted according to the general law is unlimited in 16 states; 
in 18 states franchises may be perpetual. In 5 states franchises 
are granted by special charters and no limit is mentioned. In 27 
states the length of time for which a contract could be made is not 
limited by the general law. 

In Nebraska a contract must provide for purchase after ten years. 
In Wyoming a franchise must contain the express condition that the 
municipality shall have the privilege of purchasing after twenty 
years. 

Pennsylvania and Ontario are the only instances where the terms 
of purchase are explicitly stated and they are so widely divergent 
that the writer will give each of them. In Pennsylvania “A munici- 
pality may, after twenty years, become the owner of a gas or water 
company on paying therefor the net cost of erecting and main- 
taining the same, with interest thereon at the rate of 10 per cent 
per annum, deducting from said interest all dividends theretofore 
declared.”’ 
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In Ontario: “The arbitrators in determining the amount to be 
paid for such works, gas or water, and property, shall first determine 
the actual value thereof, having a regard to what the same would 
cost if such works should be then constructed, or such property then 
bought, making due allowance for deterioration, wear and tear and 
making all other proper allowances, and shall increase the amount 
so ascertained by 10 per cent thereof which increased sum the said 
arbitrators shall award as the amount to be paid by the corporation 
to said company, with interest from date of their award.” 


EXCLUSIVE FRANCHISE 


Many companies held that their franchises were exclusive. The 
New York state court of appeals, in the case of the Syracuse Water 
Company vs. the City of Syracuse,! decided, “‘A franchise to be ex- 
clusive must therefore be given by the terms of the grant, otherwise 
it is not a resultance from its nature.” This case was carried to the 
supreme court of the United States and by that court was dismissed. 

Therefore there are probably very few, if any, exclusive franchises, 
but there are probably a good many perpetual franchises. 

The length of contracts for public services has been fixed by the 
local authorities even where the statutes placed no limitations. 
Some were made for only one year at a time, a great many were 
made for twenty years and a smaller number for twenty-five or 
thirty years. 

The history of American water works is the most fruitful field 
for the study of franchises, owing to the fact that such a large num- 
ber of works bave been constructed under franchises, and, after 
being operated during the term of the franchise or of a long con- 
tract, have passed to the possession of the municipality, and in some 
instances have been forced out of existence by the competition of 
additional works built by the municipality. In granting these fran- 
chises it was the custom in many cases for the city to employ an 
engineer to lay out the system of pipe distribution, specify the res- 
ervoir or standpipe and the pumping machinery, and prepare the 
franchise, and then call for bids on a hydrant rental basis. In some 
cases complete detailed specifications were embodied in the con- 
tract. The usual custom was to provide a test of fire streams which 
really measured the capacity of the works. In the writer’s experi- 
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ence these tests ranged from 4 streams 80 feet high in some small 
places to 30 streams 100 feet high, as at Peoria, Illinois. Complete 
schedules of rates to private consumers were as a rule embodied in 
these franchises, and as a general rule the right or option to pur- 
chase was reserved to the municipality. 

During the ten years from 1880 to 1890, over 850 works were 
built under franchises, and, as the hydrant rental contracts were 
mostly for twenty years or under, these contracts have expired, and 
in a large number of cases the works have passed to the ownership 
of the municipalities. 

Of the over 60 places of the writer’s experience nearly 90 per cent 
have passed to the ownership of the municipalities. 

Of the 12 places in Canada only one remains in the hands of a 
company. 

Of the 10 electric plants, 7 are still owned by companies. 

It is well to stop and consider the element of time in these matters. 
A majority of these utilities have been evolved and made practicable 
within the life-time of most of us, and it is less than the span of a 
generation since the terms of municipal franchises were charged 
with being in conflict with the interests of the public. In fact it 
was not so much franchise seekers as it was a seeking after those 
who would accept of franchises. As has been shown, time limit was 
lightly considered, and the limitations that were made were due 
more to a confusion of terms than to intent to cause the demise at 
specified date. As time passed and the business of franchise com- 
panies developed to a profitable basis, a change in sentiment was 
brought about. A fierce strife between the municipality and the 
utility corporation occurred in many instances; a clamor for shorter 
contracts and a definite term for franchises, fixing a date when the 
utility must cease to exist and its funeral obsequies be celebrated. 
The fallacy of such reasoning was soon evident. For the state to 
kill its own creation at a fixed date only to replace it by a similar 
creation which might, perchance, pass to the same hands as the 
owners of the late deceased was absurd. Moreover utilities must 
not cease to exist. To shut off the city’s light would be a calamity; 
to deprive it of water would mean famine; to stop the flow of gas 
means freezing, and to interrupt the telephone service would be an 
intolerable inconvenience. Utilities are absolutely essential. They 
must be maintained and operated in the most certain and efficient 
manner, and must continue indefinitely, or until something better 
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has developed that can take their place. In plain language, a utility 
can not be divested of its franchise and the only way a franchise 
can in equity terminate is by the property going to the source from 
which the franchise emanated. 

The writer has due regard for the many able minds that believe 
that the term of a franchise should be short and definite. Their 
position is, however, entirely untenable unless they provide for the 
orphaned property after its right to live and be utilized has termi- 
nated. 

All these considerations are bringing about a change in the manner 
in which public utilities are regarded. Public service commissions 
are becoming the rule. 

The railroad commission of Wisconsin was established in 1905 and 
two years later was given jurisdiction over all public utilities. The 
law in the state of New York establishing two public service com- 
missions was enacted in 1907, during the administration of Governor 
Hughes. This law as amended in 1910 is used as an argument 
in many of the states for similar laws. The rapid spread of com- 
mission legislation; the vast number of decisions of different com- 
missions reasoning from different viewpoints; the very considerable 
contribution by engineers on the terms of regulation, valuation and 
rates has created a mass of literature scattered through pamphlets, 
society reports, etc. This mass of material has yet to be compiled 
and made available for the guidance of the interests affected. 

In 1913 The National Civic Federation published a work entitled 
Commission Regulation of Public Utilities. ‘A compilation and anal- 
ysis of the laws of 43 states and of the federal government for the 
regulation by central commissions of railroads and other public 
utilities.” From this work and an article in the Annal by I. L. 
Sharfman, much of the following information was obtained. 

Since 1913 two states have established commissions and seven 
others have added largely to their statutes. Delaware, Utah and 
Wyoming? are the only states having no central commissions. New 
York, Massachusetts and South Carolina have each two commis- 
sions and in Massachusetts the telephone and telegraph are under 
the jurisdiction of the highway commission. 

The following table shows the utilities of each state which are 
under the jurisdiction of their respective commissions. 


? Law providing for commission passed in 1915. 
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| 
2/8 
Els 
South Carolina 
Railroad Commission} —|} 0} —| — 
Public Service Com- 
South Dakota.........| —| —| —| O} O} O} O| O 
Tennessee............. —| Of O} Of O} CO} O 
Utah 
No commission 
Virginia...............] —| —| O} O| —| —| Of — 
Washington........... -|-|- —| O} O| O| 
West Virginia......... —| —| -| -| -| -| -| -| - —-|-|-| - 
—| -| -| -| -| -| -| -| -| - 
Wyoming 
No commission. Law 
passed at 1915 ses- 
sion of legislature 


* New law goes into effect September 1, 1915. 

O indicates no control. 

— indicates control by commission. 

t Does not apply to Charleston, Marion, Spartanburg, Sumter, Union or 
town of Conway. 

t New law being prepared during winter of 1915. (Law passed and took 
effect 90 days after adjournment of Legislature.—Editor.) 


Twenty-four states make express provisions for the valuation of 
properties of public utilities by the commissions. 


Arizona Maryland Oklahoma 
Arkansas Massachusetts Oregon 
California Michigan Pennsylvania 
Florida Minnesota South Dakota 
Georgia Mississippi Texas 

Illinois Nebraska Washington 
Indiana New Jersey West Virginia 
Kansas Ohio Wisconsin 


Rates must be just and reasonable. A reasonable average return 
upon the value of the property actually used in the public service 
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and the necessity of making reservation out of income for surplus 
and contingencies are generally recognized. Unjust discrimination 
is almost invariably prohibited. Publicity in the establishment and 
change of rates is as a rule required. 

Authority to fix, establish or prescribe rates and charges is given 
in 24 states. 


Arkansas Montana Charleston, Ma- 
Florida Nebraska rion, Spartanburg, 
Georgia Nevada Sumter and Union 
Illinois New Mexico or the Town of Con- 
Iowa New York way) 

Kansas North Carolina South Dakota 
Louisiana North Dakota Tennessee 

Michigan Oklahoma Texas 

Mississippi South Carolina Virginia 

Missouri (does not apply to Wisconsin 


Authority to regulate accounts, etc., is given in 27 states. 


Alabama Massachusetts Oregon 
Arizona Michigan South Dakota 
California Minnesota Texas 
Connecticut Nebraska Vermont 
Florida Nevada Washington 
Georgia New Hampshire Wisconsin 
Iowa New Jersey Indiana 
Kansas New York West Virginia 
Maryland Ohio Illinois 


Depreciation accounts are mandatory in Ohio and Wisconsin, 
and the commission may require them in Arizona, California and 
New Jersey. Recent statutes provide for depreciation accounts in 
Idaho, Illinois, Indiana, Mississippi and Pennsylvania and Michigan. 

In 18 states the consent of the commission is necessary to author- 
ize the issue of stock and bonds. 


Arizona Michigan Texas 
California Nebraska Vermont 
Georgia New Hampshire Wisconsin 
Kansas New Jersey Illinois 
Maryland New York Indiana 


Massachusetts Ohio Pennsylvania 
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A certificate of convenience and necessity is required in 20 states 
before commencing operations under a franchise. 


Arizona Michigan Idaho 
California New Hampshire Illinois 
Connecticut New York Indiana 
Kansas Ohio Mississippi 
Maine South Dakota Pennsylvania 
Maryland Vermont West Virginia 
Massachusetts Wisconsin 


Indeterminate franchises are provided for in Massachusetts and 
Wisconsin and by recent legislation, according to Sharfman, in Idaho, 
Illinois, Indiana, Missouri, Pennsylvania and West Virginia. 
Perhaps the most explicit, at least the most notable, of the public 
service commission laws is that of Wisconsin. The Wisconsin law 
provides: 


Every license, permit or franchise hereafter granted to any public utility 
shall have the effect of an indeterminate permit, subject to the provisions of 
this act, and subject to the provisions that the municipality in which the 
major part of its property is situate may purchase the property of such utility 
actually used and useful for the convenience of the public at any time as 
provided herein, paying therefor just compensation to be determined by the 
commission and according to the terms and conditions fixed by the commis- 
sion. Any such municipality is authorized to purchase said property, and 
every such public utility is required to sell such property at the value and 
according to the terms and conditions determined by the commission herein 
provided. 

Utilities existing at the time of the passage of the act could, prior to July 
1, 1908, surrender their franchise and receive an indeterminate franchise or 
permit. 

The commission shall value all the property of every public utility, and 
may at any time on its own initiative make a revaluation of such property. 
The commission may fix such rates as are just and reasonable. 


In the state of New York, with the exception of water works, 
practically all municipal utilities come under the provisions of the 
public service commission law. 

Under this law the commission has power to fix the standard for 
gas and to order improvements and extensions; to prescribe the 
efficiency of the electric supply system, of the current supplied and 
the lamps furnished; to require gas to equal the standard fixed, and 
prescribe the maximum and minimum pressure. Charges for gas 
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and electricity shall not exceed those fixed by law or by the order of 
the commission and shall be just and reasonable. Require uniform 
system of keeping accounts. No gas or electrical corporation shall 
begin the construction of gas or electrical works without the per- 
mission and approval of the commission. The commission may 
grant permission and approval if such construction be found neces- 
sary or convenient for public service. No municipality shall build, 
maintain and operate any works or system for manufacturing and 
supplying gas or electricity for other than municipal purposes with- 
out a certificate of authority granted by the commission. 

The commission’s consent is necessary for the issue of bonds, 
stocks and notes. 

Practically the same provisions apply to the construction of steam 
heating plants under a franchise or by a municipality. 

Telegraph or telephone companies must have a similar certificate 
of necessity before constructing under a franchise. 

Water works and water supplies in New York state are under the 
jurisdiction of the conservation commission. 

All plans for a new or increased water supply must be approved 
by the conservation commission before works can be constructed 
either by a municipality or by a company. under a franchise. 

While franchises in Wisconsin have been made indeterminate, the 
length of time for which franchises may be granted in New York 
does not appear to have been changed. 

By referring to the table it will be seen that only 15 states have 
placed water works under the control of their commission. Fifteen 
have placed practically all other utilities under commissions and in 
all of the 45 states the railroads are under commission control. 

A study of the statutes reveals but little tendency toward short- 
ening the duration of franchises, but on the contrary a tendency 
toward prolongation or, as in the case of Wisconsin, of indeterminate 
franchises. The indeterminate franchise has yet to win its place, 
although judging from recent legislation, it seems to be growing in 
favor. So far it is the only answer that has been made to a much 
vexed question. Many able lawyers have asked, ‘‘What are you 
going to do when your franchise expires?”’ And when the franchise 
has expired and even before, competing franchises have been granted 
with the result that the owners of one have purchased the other, 
thereby continuing with increased capitalization the previous con- 
ditions. In some cases where there was a contract for public serv- 
ice, as in the case of water or electric light, the municipality has 
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constructed works on the theory that the expiration of the contract 
terminated the franchise and all right to do business thereunder. 
Neither of these conditions is desirable. They never have resulted, 
and they never will result in benefit to the public at large. 

With the franchises terminating at a fixed date, with no provision 
beyond that date, capital will grow more and more timid as that 
date approaches, with the consequence of a much rundown prop- 
erty and the poorest service that can, under the circumstances, 
care for the business. This has been demonstrated in many in- 
stances. To insure the proper maintenance and operation of utili- 
ties capital must be made secure not only up to but beyond any 
date that may be fixed. 

The municipalizer will say that the remedy for all this is public 
ownership; and with public ownership properly acquired he is agree- 
ing with all that has been said in this paper. 

Some one has said, ‘‘ Public utilities must be controlled and regu- 
lated by government, or must be left to do as they please or must 
be operated by the public.”” That they can be left to do as they 
please no one will contend. That they can be operated by the pub- 
lic is, of course, possible, but public ownership in the great majority 
of utilities is not here nor is it likely to be in the near future. Pub- 
lic ownership of water works exists in large and increasing numbers, 
and ownership of other utilities exists and will very likely increase. 
As engineers and managers we have to face both conditions. ‘Towns 
that own their water works will not own any other utility; towns 
that own police and fire alarm systems will not own other signaling 
systems; towns that own the electric light plant will not own the 
gas plant; and towns that own the telephone system will not own 
the telegraph. 

The question then is not how shall utilities operated under a fran- 
chise be controlled, but rather how shall utilities be controlled 
whether publicly or privately owned. 

As a fundamental principle they should each be controlled and 
operated under the same rules and regulations. It will be argued 
that publicly owned utilities should not be operated for profit, while 
those privately owned are operated for that express purpose. 

Every business will either show a profit or a loss and every utility, 
whether public or private, should be planned to show a balance on 
the credit side; in other words the maintenance and operation of no 
utility should be a charge on the general tax budget. Therefore the 
method of accounting should be the same in either case. 
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Every utility should be charged with the following: 

Taxes on the same basis as other property. 

Accident insurance. 

Fire insurance. 

All damages not covered by insurance. 

Water, light, heat, telephones, ete. 

Rental of offices and buildings, whether owned by the city or not, 
unless they are owned by the utility. 

Interest on bonds, notes and other liabilities. 

Legal expenses and services, even though performed ™ city at- 
torney. 

Engineering expenses and services, even though performed by the 
city’s engineers. 

Depreciation and sinking fund charges, 

All utilities using the public streets should be charged, in addition 
to the repairs they are compelled to make, with an annual tax, de- 
pending on the character of the utility, to be paid into a pavement 
repair fund. 

Every utility should be credited for every public service rendered, 
such as: 

Fire protection. 

Water for schools, fountains, street sprinkling and sewer flushing. 

Electricity, gas, heat, telephones, ete. 

Use of poles by other utilities. 

Transportation of city employees and material not otherwise paid 
for. 

Quoting from an article by John 8S. Kennedy in the Forum: 


In some cases the affairs of the lighting plants are so interrelated with those 
of the water or some other department that it is impossible to determine the 
actual results of the operation of either department. The commission, New 
York state, remarks that it is a matter of supreme importance, when munici- 
palities embark in business enterprises, that they should adopt businesslike 
methods. The citizens of many a village are convinced that their lighting 
service is cheap when, as a matter of fact, it is dear, because the lack of 
proper accounting system fails to reveal the actual conditions. 


All plans for construction of privately owned utilities should be 
approved by the city’s engineers or be in accordance with general 
specifications prepared by the city, and where approval by state 
officials is required the same rules should apply whether the utility 
is to be publicly or privately owned. 
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The attitude of the manager or the engineer toward his property 
should be the same whether publicly or privately owned. 

Efficiency in management should be secured in either case, and 
the reward of efficiency should be freely conceded not only to the 
manager but also to the capital which took the risk and produced 
the utility. This reward should accrue to the respective owners 
whether they be a corporation or a municipality. The writer is 
aware that this latter proposition will call forth loud protestation, 
but he would call attention to the fact that from 60 per cent to 75 
per cent of the population of every city live in rented houses and 
pay but little or no taxes. If a municipally owned utility is estab- 
lished it is the property owner who takes the risk and stands the loss. 
Therefore if the utility is a success the property owners should re- 
ceive the benefit the same as though they were stockholders in a 
corporation. The proposition that municipally owned utilities 
should not be operated for profit is a delusion and a snare. 

The proposition is boldly made that the rates for every munici- 
pally owned utility should be fixed on the basis of returning a rea- 
sonable profit. Take for example a telephone system. Fully two- 
thirds of the users are not taxpayers. If an unlimited suffrage com- 
pels municipal ownership, placing the risk of loss and all incidental 
expenses upon the realty, should not the rates be fixed so as to bring 
its ultimate reward in the shape of a surplus to the city treasury? 

If a municipality is to engage in the business of any utility it 
should be required to first acquire the property of the particular 
utility then in existence. There may be reasonable exceptions, as 
in the case contemplated by the New York law, for a city to light 
its own streets without being required to engage in commercial light- 
ing. Any theory of municipal ownership without acquiring the prop- 
erty of the utility in existence at the time must, if reasoned out to 
a conclusion, abrogate all right of regulation or control. On the 
other hand the denial of the right of government regulation will 
surely lead to competition by the municipality with resulting waste 
and disaster. 

As men interested in water works you will note that in only 15 
states are water works placed under the control of commissions. 
The reason for this is probably due to the fact that in most, if not 
all, states water supplies and water works are to some extent under 
the control of the state board of health. 

In addition the franchises under which water companies operate 
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reserve a large measure of control to the municipalities. As a rule 
rates which may be charged for water as well as hydrant rental are 
fixed for a term of years and at the expiration of the term are sub- 
ject to revision under a new contract. Some writers believe that 
local control is the proper method, and that commission control is 
wrong in principle, and the much mooted question of local self 
government as opposed to state control comes to the front. Here 
again water works afford the best field for investigation, and are 
the most prolific in argument for each side of the case. Local con- 
trol has in many cases demonstrated its futility. Either it has 
been so easy that the utility company has been left to do as it pleased 
or it has been so severe that the utility has failed to survive. As 
the municipality is in fact a party to a contract it can not in fairness 
be left to interpret and change its terms. Resort must therefore 
be had to the courts or a commission, and for the present the logic 
of events points to the commission. 

In the case of the municipally owned utility the management is 
frequently such that regulation by a state commission has been 
demonstrated to be desirable. If commission regulation is necessary 
for companies it is also desirable for the municipality, and all utilities 
whether publicly or privately owned should be subject to the same 
regulation. 

The same system of accounts, the same principles governing 
charges to be made and service to be rendered, should apply to one 
the same as to the other. 

It must not be inferred from the rapid spread of commission leg- 
islation that the panacea for all franchise troubles has been found. 
Franchise difficulties have always existed, from the time that Moses 
in anger struck the rock twice, and it is not supposable that they 
will at once terminate. Commissions have yet to demonstrate their 
practicability and usefulness; their rulings and decisions are liable 
to error. Much will depend upon the character and ability of the 
men composing the commissions. With the best of intentions 
equitable and just results will not always result. Their work should 
not be speedily approved nor too hastily denounced. 

The question is one that cannot be dismissed. Public and pri- 
vate ownership are with us, and are bound to continue in varying 
proportions for years and even generations. The investments in 
privately owned utilities are growing to enormous figures and the 
question of regulation must be worked out with patience, fairness 
and wisdom. 
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THE DESIGN AND OPERATION OF INTERMITTENTLY 
OPERATED WATER PURIFICATION PLANTS 


By N. T. Veatcu 


In our experience in the design and operation of water filtration 
plants, we have learned that the plant with intermittent operation 
presents the most difficult problems. The practice in the past has 
been to depend almost entirely on the filters themselves, for the 
overall efficiency of the plant, and to give very little attention to 
the design of the settling and coagulating basins. There is little 
question but what the action in the basins and in the filters them- 
selves is equally important in getting good and economical results 
in any filtration plant. This fact is most emphatically true of plants 
which are operated intermittently. 

In cases where the plant is operated perhaps ten hours each day, 
it is difficult to get the proper conditions of water applied to the fil- 
ters during the first part of each run, as the floc has almost always 
settled out so as to cause the first water applied to the filters to be 
clear, or practically so, and free from floc. The arranging of the 
basins so as to make it possible to handle this clear water and to pre- 
pare it for application on the filters is one of the most difficult 
features in the design. 

It is a pretty well established fact that thorough mixing of the 
chemical and the raw water when first pumped into the basins is 
well worth the cost. There is always some question as to just how 
far it is wise to carry this mixing, as each water presents a separate 
study in itself. There are so many things that enter into the action, 
such as temperature, turbidity, etc., that no set length of time can 
be taken as the proper time for mixing. The length of time also 
depends on the degree of agitation. If the mixing is obtained by 
means of mechanically driven agitators, the time required is much 
less than when obtained by baffling. To meet different tempera- 
tures, and different conditions of the water, it is probably best to 
subject the water to at least thirty minutes of mixing when me- 
chanically driven agitators are used, and at least an hour where 
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baffles are depended upon. These periods are based on the use of 
alum as a coagulant, and are taken from results obtained at different 
plants. If lime or lime and iron is used as coagulant, the length of 
time for mixing would vary, depending upon the results desired, 
such as to the degree to which it is desired to soften the water, if 
softening is attempted. The figures given should be considered as 
general only, and not be construed as the ones to use for any and all 
waters. 

After the water has had the chemical mixed with it thoroughly, 
the question arises as to the best means of treating in the basins 
before applying to the filters. This second stage in the treatment 
should depend on the operation of the plant. If the operation is 
continuous, we find that the water should be treated in the basins 
in such a manner as to obtain the greatest amount of sedimentation, 
and at the same time carry a proper floc over onto the filter beds. 
In case the operation is intermittent, it is best to give the water the 
greatest chance for sedimentation, and not attempt to keep any floc 
in suspension. In this way the water at the start of any run, and 
at any time during the run, is as near a completely settled water as 
possible. This would also be the condition of a water which is sub- 
ject to treatment in large settling basins, before applying to the 
filters. 

To prepare the flocless water obtained as outlined above, for ap- 
plication to the filters, the best plan is to subject it to another thor- 
ough mixing. It is well to arrange this secondary mixing so that 
the chemical can be applied at several different points and periods 
before the water reaches the filters. We have found that it is con- 
venient to be able to apply coagulant at 3, 3, ? and 1 hour periods, 
just prior to water reaching the filters. The condition of the water, 
and the temperature should determine the proper place for appli- 
cation. 

This paper is meant to deal particularly with plants where the 
total retention period in the basins is from 4 to 6 hours. In basins 
of this size it is possible to use the basins as settling and also coagu- 
lating basins combined. As indicated, previously, in this paper, if 
the operation is continuous, the mixing at the entrance to the basins, 
and proper arrangement of the basins will put the water in good 
condition for application. However, in intermittent operation ar- 
rangements should invariably be made for applying the chemicals 
just prior to passing the water onto the filters. The design of this 
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secondary treating basin should be given very careful study, as the 
chemicals should all be decomposed before reaching the filters. 

The question may arise as to why it is necessary to design filter 
plants which operate intermittently. This is a very natural ques- 
tion, as it is unquestionably preferable to operate a filter plant con- 
tinuously. However, the matter of cost, both first cost and that of 
operation, must always be considered, and especially in the smaller 
cities. It is necessary for the engineer to compromise his ideal in- 
stallation to fit the appropriation, and give his client a plant which 
will operate at a minimum cost. The average city of less than 3000 
people does not operate its water works plant continuously, and al- 
most invariably the entire operation is handled by one shift, and 
often by one man. It generally proves to be much cheaper to pay 
the fixed charge on the extra investment necessary to give the city a 
plant that will fit in with the normal operation of the pumping plant, 
than to cause the city to change its plan of operation, and add 
one or two shifts to its operating force. 

With a properly designed plant which operates intermittently, 
the city has a plant which will fit in with its normal operation, and 
as the city grows nearer the size which would require the maximum 
capacity of the plant, it can well afford to put on the extra help 
necessary to operate continuously. 

It is evident that there is a great need for good engineering and 
careful study in the design of basins, for any plant. Some of the 
discredit which is given to mechanical filtration could have been 
avoided if proper care had been given to preparing the water for 
treatment on the filters. 


PLUMBING CODE AND CONTROL OF PLUMBERS! 
ScoTLaAND G. HIGHLAND? 


The object of this paper is to show that the character of private 
plumbing installations and the control of plumbers are matters of 
vital interest to water works operators; and that the responsibility 
of water works officials does not cease with the delivery into the 
street mains under adequate pressure of a clear, germ-free, whole- 
some water. 

The water department, knowing intimately by its own investi- 
gations and by chemical analyses the character of water supplied to 
consumers, is in the best possible position to give advice regarding 
the material suitable for supply pipes. 

The amount of water to be supplied at the source is always greater 
than that actually needed for use. There is leakage from the service 
pipes, and from a considerable percentage of the plumbing fixtures 
in the houses, and water is allowed to run uselessly from many open- 
ings. In many cities four times as much water is supplied as is 
actually used. The greater part is wasted without benefit. It is 
mainly for this reason that the control of plumbing and plumbers 
by water departments is absolutely essential. The unnecessary 
draft of water from fixtures may be checked by universal metering 
and the adoption of a schedule of rates by which the payment of 
takers is dependent upon the amount of water passing through the 
meters. 

A comparatively small percentage of services are metered, how- 
ever, and we must deal with the problem as it exists. 

The official inspection of plumbing work in cities of the United 
States began about the year 1881. In this year, too, the first com- 
plete plumbing code was adopted and among the cities leading in 
this movement were Lawrence, Massachusetts, Washington, D.C., 


1 Read at meeting of American Water Works Association, May 9 to 15, 


1915, Cincinnati, Ohio. 
2 Secretary and general superintendent, Clarksburg water works and sew- 


erage board, Clarksburg, West Virginia. 
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New York City, Brooklyn, New York, and Chicago, Illinois. The 
official control of plumbing work had for some years previously 
been agitated and urged by health departments and by persons 
interested in house sanitation. 

It was but natural that the first codes were enacted and enforced 
by health departments. Later on, this work was shifted over in 
some cities to the municipal building bureaus. It was claimed by 
some that it was more logical to include the duty of plumbing in- 
spection with the numerous other functions of building departments, 
and practical advantages as regards the filing of plans in particular, 
were claimed for the change in departments. Still even at this day 
the control of plumbing in the majority of cities, which have enacted 
a code, is in the hands of the health commissioners or their assist- 
ants, and this is due to some extent, no doubt, to the popular belief 
that there is some connection between bad or imperfect plumbing 
and disease. 

In more recent years, some of the states have enacted laws, pro- 
viding for the local control of plumbing, and have issued general 
rules for plumbing and water supply. 

Not only the large cities of the country, but many smaller cities, 
towns and villages have adopted p!umbing codes. 

The more concise, comprehensive and brief a plumbing code, the 
better will it fulfill its purposes. Clearness of wording is essential. 
Each paragraph, each rule should be definite and there should be 
no doubt left as to its proper meaning. No arbitrary interpretation 
of a rule by the plumbing inspector should be possible. 


WHY ARE PLUMBING CODES REQUIRED 


The writer is a firm believer in the good results which are brought 
about by the enactment and enforcement of plumbingcodes. He 
has noted the vast improvements which have taken place in the 
past ten years in the character of the plumbing work as executed in 
all classes of buildings, and he can unhesitatingly state that these 
improvements are due, perhaps more than to any other cause, to 
the introduction of an official and honest supervision of plumbing by 
municipal authorities, or by water works departments. 

In these years the art and craft of plumbing have made wonderful 
advances and credit for this also belongs, no doubt, to respectable 
and first-class plumbing firms to be found in every city or town, and 
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to the local and National Associations of Master Plumbers. But 
as in every herd of white sheep there may be found some black sheep, 
so there are plumbers and plumbers, and it must be said, sad though 
it is, that some men of the trade do not know, or if they know, do 
not wish to carry out a contract honestly and creditably, whenever 
there is a chance to ‘‘scamp the job.”” Therefore, to prevent imper- 
fect work, plumbing must be inspected. The best men in the trade 
do not object to such inspection. It rather protects them against 
unscrupulous competitors. House owners, as well as tenants, should 
likewise welcome the introduction of a code, for it secures to them 
good and reliable work, and protection against leaks or other plumb- 
ing troubles. 

Every plumbing code should require that all persons working at 
the business of plumbing, whether as a master or as a journeyman 
plumber, should have a certificate of competency, and should be 
registered. 

To establish such competency and registration every code provides 
a board of plumbing examiners, before whom applicants should ap- 
pear for examination, and who determine their qualification to en- 
gage in such business. 

The board of plumbing examiners should consist of at least three, 
and preferably five, members. One of these should be a master 
plumber, another a journeyman plumber, both to be appointed for 
one year by the mayor, under approval of the city council. The 
other members should be city officials, preferably members of the 
water and sewer departments or the city engineer’s bureau. The 
board should hold regular business meetings, institute the examina- 
tions, and issue licenses to the successful applicants. The secretary 
of the board should keep all records, books, plans, specifications and 
other papers, and should preferably be a municipal officer, or he may 
be the superintendent of the water department. 

All licensed plumbers must be registered and should be required 
to execute a bond for the faithful performance of their work, the 
amount of the bond varying from $500 to $3000, according to the 
size of the city. 

With the single exception of repairing leaks, all plumbing should 
be done only after filing plans and specifications and obtaining a 
proper permit from the board. 

The board should appoint the plumbing inspectors. They should 
be selected only with reference to their fitness for the position; po- 
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litical favoritism should be excluded. Only by a strict adherence to 
this rule can an efficient corps of inspectors be maintained. 

When the plumbing work in a building has been completed, tested, 
and inspected, the board issues to the plumber, upon his request, a 
certificate of inspection that the work has been properly performed 
as required by the provisions of the code. To make such a certifi- 
cate of value to the owner of a building, it should have the signature 
of the plumbing inspector and of the superintendent of the water 
department. 


WHAT CITY DEPARTMENT SHOULD CONTROL PLUMBING 


The writer has already mentioned that inspection is carried out 
either by boards of health, or by building departments. There are, 
however, other municipal departments, who are interested in the 
plumbing code, namely: the water works department or board, the 
sewer department or board, the city engineer’s or city manager’s 
office, and the fire department. 

There is much to be said in favor of having the plumbing con- 
trolled by a water works department, as is at present the case in 
Clarksburg, West Virginia. A good plumbing code is of inestimable 
importance to a water works department. The absolute control of 
plumbers is quite necessary in order that the house installation may 
be of a satisfactory character. This control also consists in obtain- 
ing proper reports on this installation for filing in the water depart- 
ment’s office. 

In England, for instance, the various private water companies 
have each its own set of very complete regulations as to the thick- 
ness, weight and quality of pipes and fittings to be used for service 


supply. 


WHAT POINTS, BESIDES THE GENERAL ONES MENTIONED, SHOULD A 
CODE EMBRACE 


The following are some of the essentials: 

(a) It should specify the use of proper plumbing materials and 
require first class workmanship. 

First class work implies both good materials and a careful laying 
out and carrying on of the work. 

(b) Safety requires of the entire work freedom from leaks in sup- 


ply pipes. 
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(c) It should strive to introduce safer, simplified and more eco- 
nomic plumbing systems and layouts. 

(d) It should consider the possible relation between plumbing and 
preventable disease. 

(e) It should provide proper material and sizes of service and 
house supply pipes, and thus insure a sufficiency of wholesome hot 
and cold water. 

(f) It should provide proper, strong and desirable water fittings, 
faucets, balleocks, tanks, etc. 

(g) It should make provision against both waterhammer and 
noise in the house service pipes. 

A good mechanic knows how to guard against waterhammer in a 
supply system. The entire abolishment of noises in the water pipes, 
boilers, and in flushing tanks is desirable, but not always easy to 
attain. 

(h) It should guard against the freezing of water pipes and also 
efficiently prevent any undue waste of water. 

The last two requirements are of so much importance that they 
will be dealt with at length further on. 

In addition to the above, the plumbing code should provide that 
none but tappers employed by the water department should be 
permitted to tap any street water main. 

The work of efficient municipal or private water works should not 
be restricted to the routine duties, which consist in providing in 
the city service reservoirs and in the city water mains a wholesome, 
germ-free supply of clear water. 

Such bureaus should always have a higher aim in view, namely of 
having a perfect control of the supply at the house faucets, in the 
house storage tanks, in the basins, bathtubs or other ablution fix- 
tures, and even of the drinking water at the consumer’s table. The 
water delivered to the consumers should be without color, bad odor 
or bad taste, and free from deposits of sediment or rust in the house 
pipes. 

Moreover, a matter of vital interest to the water department, and 
no less to the taxpayers, is the prevention of all unnecessary waste 
of water. This matter becomes serious, where, owing to droughts, 
there is a threatening shortness in the public water supply. Can it 
be efficiently accomplished, and if so, by what means? 

Efficient water works departments have learned to cope with this 
question in street mains, but they should go a step further and strive 
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to prevent waste of water from consumers’ fittings and in water 
takers’ premises. To the average layman a slight leakage seems an 
unimportant matter and he is apt to overlook the fact that the effect 
of slight leaks, if constant, is vastly increased by the time factor. 
A mere dribble from a faucet, if allowed to run on unchecked for 
twelve months, often amounts to more than the annual tax for water. 
In cities and towns, where the unrestricted constant supply system 
is used exclusively, it is of the utmost importance that the waste be 
checked, however unpopular or unpleasant the application of waste- 
preventing measures may appear to be. 

The existing water pressure has a considerable bearing upon the 
volume of water running to waste from defective fittings, and this 
is another point ignored by water takers. 

While waste of water due to badly constructed apparatus, or fit- 
tings, or to defective workmanship can and is prevented by the de- 
partment’s plumbing supervision, where the department has the 
power to regulate by code the character, strength and arrangement 
of pipes, faucets, tanks, cisterns, fittings, boilers and plumbing fix- 
tures, much of the waste going on in buildings is under direct control 
of the consumers. This refers not only to waste caused by faucets 
carelessly left running, but also to the waste due to wi/fully keep- 
ing faucets open. Then we have another waste, due to running 
water off from the hot water faucet in cases where a circulation pipe 
is omitted; still another is the wilful running of faucets to get, in 
summer, cool water for drinking; sometimes it is caused by a cold 
water pipe being in contact with hot water or steam pipes or by its 
being carried near a kitchen or laundry ceiling, where much heat 
accumulates. 

Consumers are likewise responsible for hidden wastes from un- 
derground service pipes which have become corroded or broken. 
Then there is the waste due to ordinary wear and tear, caused for 
instance by worn-out washers in faucets or tank ballcocks. 

Fittings in private houses are much more difficult to control than 
those in public or semi-public buildings. Hence the water depart- 
ment should have proper authority to enforce a penalty for neglect 
of the water fittings, and also for wilful waste. In many cities and 
towns this is quite a customary measure of prevention. 

All well-organized and efficient municipal or private water works 
departments issue a set of rules and regulations governing the use 
of water. These rules should be explicit and they must be impar- 
tially enforced. Some of the points to be covered by the rules are: 
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Taps and service pipes to be of size prescribed by the water de- 
partment. They shall be run into the buildings only by licensed 
plumbers, who must file an application stating the material to be 
used. The connection to be inspected before being covered up to 
guard against poor workmanship or imperfect fittings. 

All water takers are required to maintain the entire inside water 
system in good condition and repair. They shall also protect all 
pipes and fixtures from freezing. 

A further precaution to prevent waste of water consists in the 
annual inspection of all water fittings by water department inspectors. 

If space permitted, the speaker could take up numerous details 
regarding the water supply of buildings. Suffice it to mention but 
a few points. 

In some English towns (like Manchester and Liverpool) all water 
fittings are tested and stamped by the water departments and only 
stamped fittings are permitted to be used. In our own country 
such a far-reaching control or discrimination is neither practicable 
nor desirable, but owners of houses should be cautioned, in their 
own interest, to specify or purchase only fixtures and fittings made by 
manufacturers of first class reputation. The difference between 
such fittings and cheaper ware is usually but slight, whereas the cost 
of removing and renewing fittings, which turn out to be defective 
and unsatisfactory, is considerable. 

The examination, licensing and control of pone who wish to 
do any work—contract or jobbing, new work, alteration work or 
repairs—in connection with the water works system of a city or 
town, are matters of vital importance to a water department. To 
exercise such control without, in some cases, some friction being 
created is not always easy, but much can be accomplished in this 
direction and trouble and misunderstandings avoided by a firm and 
tactful conduct of the men who comprise the board. 

It is decidedly to the interest of all water works plants that per- 
mission should be obtained to do work in buildings. The syste- 
matic filing of plans, of the specifications, of the record plans, show- 
ing the location of the fittings, and of diagrams, giving the number, 
style or type, size and material of fittings acts as a decided measure 
of protection to property owners. It should, therefore, be uni- 
versally encouraged. 

The plan which has been adopted and which is being carried out 
by the water works and sewerage board of Clarksburg, West Vir- 
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ginia, to license and control all plumbers is a thoroughly good one, 
and the measure is a just one, protecting as it does the water depart- 
ment, the conscientious and honest plumber, the realty interests and 
the owners and tenants of the buildings. 

Some water works plants, even those where the water is purified 
by filtration on a large scale, fail to give entire satisfaction, because 
of troubles existing and persisting from the point where the water 
leaves the main until it reaches the consumer. Under such condi- 
tions arise numerous troubles and complaints of the water takers. 

It is the business, and the duty of a progressive, broad-minded 
and public-spirited board to thoroughly investigate each complaint, 
no matter how trivial it may appear to be. Occasionally the con- 
sumer finds it necessary to complain of dirty water, and this may be 
caused by accumulation of deposits and rust in old, worn-out serv- 
ices, which cause the benefits due to the filtration plant to be lost, 
though there may be other causes. 

The Clarksburg water works and sewerage board instituted last 
year a very excellent plumbing code embracing all safe and estab- 
lished methods of supplying water to buildings and generally all 
classes of work usually done by plumbers, a copy of which was fur- 
nished to every water works department in this country and Canada. 

A water works department may control some of these points, and 
in others it can do much to retain, or regain, the confidence of the 
water consumer by practical advice and by intelligent and prompt 
action in remedying the troubles complained of. 
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Water pressure 105 pounds per square inch. The price 
per 1000 U.S. gallons, 25 cents. 


Water Just DrippPinG 


15 gallons per day. 
105 gallons per week. 
5,475 gallons per year. 


Cost per day...... $0.00375 
Cost per week.....  .02625 
Cost per year..... 1.36875 Warer Leakinc 


ONE-SIXTY-FOURTH OF AN 
IncH APERTURE. 


98 gallons per day. 
686 gallons per week. 
35,770 gallons per year. 


Cost per day......... $0.02 
Cost per week........ 17 Water Leakinc 


Cost per year........ 8.94 ONE-THIRTY-SECOND OF AN 
Inco APERTURE. 


543 gallons per day. 
3,801 gallons per week. 
198,195 gallons per year. 

Cost per day......... $0.14 
Cost per week........ 95 
Cost per year........ 49.55 
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SECTIONS OF PIPE SHOWING SOME CAUSES OF WATER WASTE AND 
REDUCED PRESSURE 


These illustrations show only a few of the many causes of the waste 
of water, as well as the reduced pressure resulting from the bad con- 
dition of service pipes and house fixtures. 


fia. 1. Tue Errect or Cor- Fic. 4. Iron Pie—E DAMAGED BY UNEQUAL 
ROSION ON BLaAcK IRON PIPE SETTLEMENT. 
WHICH HAS BEEN EATEN 


3 In this ease the fracture is longitudinally along 
THROUGH 
the seam and readily admits of large leaks. 
This is a very common form 


of leakage. 


Fie. 5. ComMBINATION OF CORROSION AND 
LEAKAGE. 


Fig. 2. A Leakine Wipep Joint This one-half inch pipe is so corroded 
that the opening would searcely admit of 


Due to poor workmanship. 
a very small stream. 


Fic. 6. Tue Errect or 
Fic. 3. ExampLes or BapLy CorRRODED sts on Leap Service PIPE. 


SERVICE PIpes. The lead has been eaten com- 


It frequently occurs that the failure of pletely away in one place, permitting 
water to reach the third or even the second a considerable leak. 
story of a building is caused not by lack of 
pressure in the street mains, but by corrod- 
ed service pipes. 


_ 
®) - 
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In consequence of corrosion and leakage, cases are frequently 
found where the pressure on the street main as taken at the hydrant, 
is 100 pounds and that on the first floor of an adjacent dwelling is 
only 3 or 4 pounds. This condition when discovered can be cor- 
rected only by replacing the old service pipe by a new one. It ean 
be prevented to a great extent when the service is first laid by ex- 
ercising care in the selection of materials used and by procuring good 
workmanship. 

DISCUSSION 


Mr. Grorce Houston: Mr. President, in cities where most of 
the water used is used without being metered, the advice and rec- 
ommendations contained in this paper are very good and opportune. 
The speaker has had several years’ experience in this way of fur- 
nishing water, and all of the troubles mentioned therein are very real. 
In order to get away from them, we adopted the general metering 
system, and our troubles vanished. It was found that notwithstand- 
ing all of the rules recommended in this paper, the waste of water 
went on just the same. Inspections following inspections, a month 
apart, three months apart, six months apart, and sometimes immedi- 
ately after making the inspection, have found the parties using water 
wasting it just the same, or permitting it to run from the faucet to 
cool ginger ale, as has been mentioned here, in summer, or refriger- 
ating anything that they wished to keep cool. Those in charge of 
the premises would promise not to do so any more, but have been 
found inside of twenty-four hours doing the same thing again. In 
order to stop water waste in that way it would be necessary to have 
a man on the job all the time. There is no other way to stop it. 
The only thing that is on the job all the time to look after waste is 
the water meter. If all of the cities or water companies that are 
troubled with the sort of complaint mentioned in this paper would 
adopt a general metering system they would do away with very 
much of their trouble in that line. We are not worried in our city 
to any extent about any water going to waste. 

In one case where we had a consumer that we thought was using 
more water than he should under flat rates, we raised the assessment, 
and he came down and swore off a number of charges that we had 
made against him, and of course his oath had to be taken and a re- 
duction made in the items charged for. Shortly after that took place 
the speaker prevailed on the water board to give us authority to 
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install a meter on the premises at the city’s expense. The party 
was away at that time on a vacation and there was nobody around 
the premises but the hired help. We installed the meter at the 
curb line, and the first month after that his water bill which had 
previously been about $8 semi-annually was $14 and some cents 
for the month. That was the result of the installation of a meter. 
One of our leading physicians who was paying $6 semi-annually 
objected to that rate, and the rate was cut down to $4. We put a 
meter on his premises immediately after that, and the first month 
his bill was $14. 

Those are two cases, but a great number similar to them could be 
enumerated. The speaker is a member of our board of plumbing 
examiners and has been since its organization. We do not attempt 
to control the plumbing inside of the house, except as may be neces- 
sary from the standpoint of health, namely, with reference to sewer- 
age plumbing. We have never attempted to have anything to say 
about the plumbing arrangements in the house otherwise. We put 
the water service in up to the curb line. The property owner through 
his licensed plumber takes out the permit and goes on into the house 
with it. We simply require that the city shall be secured against 
any waste or leakage that is the fault of poor plumbing in the prem- 
ises by having a meter placed there by the property owner. We re- 
quire plumbers to give a bond, not for the work done inside of the 
house, but simply to protect the city against accidents occurring 
through neglect to properly perform his work in the street. 


Mr. A. A. Rermmer: The paper as a whole is an excellent one and 
a timely one for us to consider. The point mentioned by the last 
speaker is one to which we can all give a great deal of thought, 
namely, the necessity of the control of fixtures inside of buildings, 
whether that should be done through the board of health or the 
water department or any other special department. The speaker’s 
own feelin, in the matter is that what is generally included as the 
sanitary plumbing should be directly under the charge of the board 
of health, because that is the only point where the health factor 
enters in. It is best to strengthen the powers of the boards of health 
at all times; by all means let them have the control of the sanitary 
plumbing. 

The rules laid down for governing plumbers as outlined in the 
paper are accepted as good practice and represent the requirements 
of examination and licensing that are pretty commonly used. 


| 

‘ 
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We go a little further in our own practice in requiring that every 
employee of a licensed plumber shall have a card of identification 
on his person at all times during working hours, so that we may be 
sure that no employees are working except under license issued by 
the department. We have a provision that a licensed plumber may 
lay service pipe from the curb line into the house; but we require 
that such work shall be inspected ata nominal charge by ourselves. 
The fact is that in all the years that we have had that provision, no 
licensed plumber has ever taken advantage of that permission. We 
do all the work from the main to the curb, and we can do it so much 
cheaper than the plumber, that is, cheaper to the consumer or to 
the owner than the plumber, that we are not troubled by ever hav- 
ing to inspect pipes laid in streets by licensed plumbers. 

The question of leakage in house fixtures became a very serious 
one with us. Five years ago we made a pitometer survey of the 
entire city so far as the mains were concerned. After having proved 
definitely that the leakage in the system of mains comprising nearly 
80 miles was almost negligible, we carried the inspection farther, 
putting the same survey on, and demonstrated absolutely that 54 
per cent of the leakage which was disclosed by the pitometer survey 
was traceable to the house fixtures. There was a very small amount 
in the‘mains but a very much larger percentage in the house fixtures. 
That was the beginning of a campaign to eliminate this heavy 
amount of leakage, and from then on we have been metering rapidly. 

Probably we have all had the experience of having a licensed 
plumber tell some of our customers, in case of a high bill, that it 
was impossible that the customer could have used that amount of 
water during the length of time covered by the bill; that it could 
not possibly pass through the meter; that the meter is wrong. Now 
we have not been at all bashful in our remarks about plumbers who 
were telling our customers that. We have simply said in so many 
words without mincing matters, that the plumbers did not know 
what they were talking about. We are gradually making the plumb- 
ers come to time on that, and we have found that they do not know 
very much about the quantity of water that will pass through a 
given size of pipe. We are getting fewer and fewer of those com- 
plaints; but there are still some plumbers who think they know more 
than any water department can show them in regard to the amount 
of water that can pass through certain pipes under certain pressure. 
Our men are trained to find leaks on the customer’s line. When we 
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have trouble through the agency of the plumber telling people that 
there is no leak in certain premises, we go there and show them the 
leaks. 

Now the speaker believes in the control of the plumbers, and 
when we find that a certain plumber has reported that there is no 
leak we get after that man and show him how to detect leaks in 
the right way; so that gradually that trouble is lessening. 

Mr. Highland has stated that taps and service pipes should all be 
of the size prescribed by the water department. That is all right. 
Then he says that they shall be run into the buildings only by li- 
censed plumbers who must file an application stating the material 
to be used. That provision is unwise to be worked into any plumb- 
ing code in the country. The time is coming when more and more 
of the departments and companies supplying water will insist on 
carrying supplies from the main to the meter point. If you have 
the meters at the curb line, that is all right and very easy; but the 
majority of us do not stop at the curb for metering, we go on into 
the house and set the meter in the house or the factory or whatever 
it may be. You do not find any gas company that allows a licensed 
plumber to lay any part of their services into the house; you do not 
find the electric light companies allowing some contractors to run 
wires up to the meter from a given point out on the feed line; and 
there is no difference in that regard between water, gas and elec- 
tricity. We must stop this practice of allowing licensed plumbers 
or any contractors to carry the water from the main. By our car- 
rying the services all the way into the house or building, whatever 
kind it may be, we have eliminated much of these troubles that are 
complained of. 

The speaker wants to agree with the last speaker that his entire 
paper points to the need of meters; and when we have meters on 100 
per cent of our total services we will find that we will need just a 
very few simple, effective rules to govern this whole situation and 
not an elaborate plumbing code. 


Mr. A. Prescott FoLtweE.u: In regard to what the last speaker 
said as to the desirability of having the plumbing run all the way 
into the house by the city, the speaker understands that the code of 
rules suggested here would have the city run the plumbing to the 
curb; but thinks the idea of both speakers was to have the city run 
the pipes to the meter box; it happens, however, that the writer of 
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the paper lives in West Virginia where his meters are placed at the 
curb, and the last speaker lives in New Jersey where the meters are 
placed in the cellar. Probably they agree that the city should run 
the pipe to the meter wherever it is placed, and the private plumber 
run it from the meter to the fixtures. 


Mr. J. N. Cuester: The inquiry will naturally come from pri- 
vate companies, as to who is going to bear the expense of running 
to the curb, or who is going to bear the expense of running to the 
cellar? If the water company lays the pipe into the cellar, who is 
going to stand the additional cost? The rates that must be charged 
either by public or private water works are in justice predicated on 
the investment, and if the services are run into the cellar at the 
expense of the plant it will mean an additional investment equal 
to the amount that either the city or the private company must 
pay in so doing. 

All of these things must be taken into consideration with reference 
to the return the ownership gets from the investment, whether it is 
a private company or a municipal corporation. Another thing that 
has interested the speaker in this paper and in the first speaker’s 
remarks is in regard to the amount of water that is not accounted 
for. There are various estimates made as to what this amounts to, 
and that is the thing that has interested the water consumption com- 
mittee and that we endeavored to get at; the one thing regarding 
which we would like to see some data brought out in this discussion ; 
that is, if it is not too far afield from the character of the paper. 


Mr. THEoporE A. LeEIsmn: There are several questions in this 
paper that the speaker thinks are worthy of very serious considera- 
tion. The inspection of plumbing generally would, in the opinion 
of the speaker, be better left to the boards of health or such other 
parties as may control it. Where there is.a sewerage board it might 
be very appropriate for them to inspect all plumbing; the inspection 
of the water pipes unquestionably ought to come under the water 
board or water department, and in that inspection for the protec- 
tion of the water board or department it is essential that they should 
determine the size of the pipe not merely from the main to the curb, 
but also at least through the lower portion of the house. Many 
superintendents have probably had experience with complaints from 
lack of supply in the upper stories of houses. The water department 
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is almost invariably blamed for not furnishing a proper supply, when 
in most instances the trouble is due to the fact that the pipes leading 
through the basement are too small to supply the number of head- 
ers running to the upper stories. That is one point that the inspec- 
tion by the water department ought to cover. 

We all recognize that the question of leakage would be largely 
controlled by the universal adoption of meters. If metering were 
universally adopted the waste would not be a matter of very serious 
consideration to the water department, unless it was deficient in 
the source of supply. Consumers should only use the water that 
they require for legitimate purposes and not allow it to run to waste. 

The paper as a whole, in some points goes rather too much into 
detail as to the method of carrying out the suggestion and rules; 
that should be left in rather more general terms than it has been in 
this paper, because of the varying conditions in different localities. 


Mr. F. J. Connor: Will Mr. Reimer please state what kind of 
services they use; are they lead? 


Mr. A. A. Rermer: Our practice has been for small services up 
to l-inch tap, to lay heavy lead pipe from the mains to the curb 


line, and there change to galvanized wrought iron pipe of the small 
sizes, and use wrought iron all the way through, the very highest 
grade of pipe that we can get. 


Mr. F. J. Connor: How do you handle your consumers? Do 
you make them put up a deposit? Have you a schedule of cost that 
covers the whole service from the main to the curb along the short 
side of the street? Or do you figure from the short or long side of 
the street? 


Mr. A. A. Remer: East Orange is a municipal department, not 
a private water company, supplying the city. We have a set of 
rules governing all those matters. We require what might be called 
a “permit fee,” and we make no charge for the tap or supply pipe 
as we call it from the main to the curb. From that point on we 
charge a given price per foot for the amount of pipe laid, so that a 
man away back from the street further than some one else pays no 
more to cover the additional distance. They pay a unit price per 
foot for the service pipe from the curb line into the building, varying 
with the size of the pipe. 
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Mr. F. J. Connor: In other words, the service from the main to 
the curb is free service? 


Mr. A. A. Rermer: We charge the consumer nothing for that. 
We do not consider that the permit fee paid covers the cost of the 
service from the main to the curb. We charge that to capital 
account. 


Mr. F. J. Connor: In that case the fee that you charge practic- 
ally covers the cost of the service, so that in reality it is not a free 
service? 


Mr. A. A. Retmer: We do not consider it as in any sense a per- 
mit for the service. We capitalize our connections from the main 
to the curb, and the fee paid is purely a license fee, that is all, and 
it is so regarded in our finances. 


Mr. F. J. Connor: Until about one year ago the city of Sioux Falls 
determined to put in the service from the main to the curb free of 
cost. A legislative act was passed and now we charge from the 
main to the curb the actual cost. Of course labor conditions and 
the condition of the soil and all that make a difference in the cost; 
but we only charge actual cost. It was found that in many cases 
those who ordered services put in failed to pay for the same promptly 
and the commissioners, finding that there was an accumulation of 
such accounts, that people were slow in paying for services, took up 
the question as to whether we would continue to put in the services 
in that way or whether the applicants should be required to put up 
a deposit at the time they made their application. Now we have 
a law in reference to city improvements, such as paving and other 
street improvements, and we are trying to get away from all of the 
old galvanized services. We had two water companies in Sioux 
Falls, and where we cut off from the old company mains and con- 
nected to the new company ones on one side of the street we 
would extend the service to the new main, and on the other side we 
would cut it and connect to the other main which, of course, crossed. 
We have services that are probably twenty years old. We have 
passed an ordinance and are trying to persuade the people to put 
in all lead services from the main to the curb. 

We have had some trouble with complaints of short supply through 
the party putting on a smaller meter than the service called for; for 
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instance where the consumer had a ?-inch service he would only 
want to put on a 3-inch meter. The only remedy for that was that 
we would ask them to put on a larger meter when the service was of 
sufficient size, and convinced them that it was the meter, and not 
the service that was at fault. The service question is one that is 
confronting the speaker, who has been a plumber a good part of 
his life, but does not like to fall into the hands of every plumber, 
because a lot of them are not good lead workers. We use wiped 
joints, and if those joints are badly made and a leak starts, of course, 
the superintendent is called out of bed at night to look after the 
leak. You do not have any redress from some of those plumbers 
because they are irresponsible. The departments or water com- 
pany ought to maintain and take care of the service from the main 
to the curb line, and that is as far as they should go; from that point 
you should turn it over to the property owner. Another method of 
putting in services is to do it by contract, and advertise for bids for 
the excavation and all. We charge $3 for a tap and then insist 
upon our men laying the service and seeing to it that the work is 
thoroughly done. 


Mr. J. N. Cuester: The speaker would like to ask Mr. Reimer 
whether all of his services are metered? 


Mr. A. A. Rermer: No, sir. We have about 65 per cent metered 
and in another two years we will probably have 100 per cent metered. 
In the great majority of cases we set the meter inside of the basement 
of the building. In a few cases we are forced to set them at the 
curb. 


Mr. H. B. Moraan: If you set the meter in the basement why 
did you change from lead at the curb? 


Mr. A. A. Remmer: The primary reason was the element of cost; 
the other is the element of larger flow. The cost of 1-inch gal- 
vanized pipe, of the very highest grade is only about one-half that 
of lead pipe, say of 3-inch in diameter. In our case, we have to use 
AAA lead pipe on account of our pressure. If we use }-inch pipe 
all the way through from the main to the building we are introduc- 
ing a very large friction element which we can avoid by increasing 
the 43-inch lead pipe up to 1-inch galvanized iron pipe at the curb 
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and give the consumer a very much freer line conducing to a better 
flow of water. 


Mr. H. B. Morean: Do you feel that the board or company is 
fully protected from leaks when using galvanized iron pipe? 


Mr. A. A. Remer: We have been in very close touch with the 
wrought iron pipe question owing to the fact that the speaker has 
been on the committee that has been taking up the question of 
wrought iron pipe, and feels that he is in a pretty safe position in 
specifying wrought iron pipe, since he knows what he wants and 
knows how to get it too. Specify nothing but strictly genuine 
wrought iron pipe; it is to be had if you want to get it. 


Mr. H. B. Morcan: Those of us who are not so well versed in 
pipes as the gentleman who just spoke, perhaps might be fooled as 
to whether the pipe was galvanized iron or galvanized steel. There 
are perhaps not a dozen men in this hall who can tell the difference 
between the two. The speaker knows he could not, but he does 
not claim to be an expert. 

The speaker cannot see any very good logic in requiring lead pipe 
from the main to the curb and allowing wrought iron pipe to be 
installed from the curb to the building where the meter is placed in 
the cellar. If the meters were placed at the curb it would make 
very little difference to the water company or the water board 
whether the pipe from the curb to the building was iron or lead, for 
the meter would register the leaks. Our company requires that all 
pipes of 1 inch and less, where laid under the ground or floor of a 
building, shall be extra strong lead pipe. We also require plumbers to 
leave the ditch open so that we may inspect the pipe after it is laid. 
This is done for the protection of the consumer, as well as the 
company. 

Recently a meter was set at the curb on a service supplying a 
building with a single fixture, a kitchen sink. In one month 300,000 
gallons of water passed through that meter. At one time the sup- 
ply of water for this premises was taken from a hydrant located in 
the front yard. Afterwards the hydrant was removed and the pipe 
extended to the kitchen sink in the building. The pipe from the 
curb to the hydrant was laid many years ago and was iron. We 
did not require them to replace the iron pipe with lead, but we did 


PLUMBING CODE AND CONTROL OF PLUMBERS 781 


require lead pipe from the location of the hydrant into the building. 
The leak that caused 300,000 gallons to pass through the meter in 
one month was located in the iron pipe, which was full of holes. 
This pipe had probably been leaking for a good many years and the 
leak was only detected by the placing of the meter. 

It would seem that this convention should understand these things 
thoroughly, and should realize that it is our duty to provide and 
use the best material obtainable for service pipes, not only for our 
own protection from waste of water through leakage, but also for 
the protection of the consumer. In fact, our State Utilities Com- 
mission insists that when meters are set on services a thorough test 
shall be made to see if there are any leaks in the consumer’s pipes, 
and if leaks are found, to notify the owner to make repairs. 

We might go on at length with this discussion, and afterwards go 
home and handle this subject as we think best and to our own bene- 
fit. The speaker quite agrees with some of the gentlemen here that 
plumbers are the poorest lot of mechanics that we have to dea] with, 
but we are up against it, and will have to handle them as best we 
can; but we should insist on the one point, that all ditches where 
plumbers are laying service pipes should be left open for inspection 
before filling in. In some cases plumbers neglect to do this. We 
then require them before the water is turned on to uncover the pipe. 


Mr. J. M. Driven: One reason for using a better quality of pipe 
to the curb line is to avoid tearing up the streets to make repairs. 


Mr. Turopore A. Letsen: Mr. Morgan struck one very impor- 
tant keynote when he referred to the fact that any inspection or any 
action by any of the departments should undertake to carry with it 
just as full responsibility of protecting the owner of the premises as 
it does of protecting the interests of the department represented. 

There is no question but that it is desirable for the water depart- 
ment to run all services at least to the curb, and preferably to what 
is commonly designated as the property or building line. Whether 
that is done at the expense of the consumer or not, is purely a ques- 
tion of how the revenues are derived. In the final analysis the 
consumer must pay for that pipe either directly or indirectly; it is 
just the difference between direct or indirect taxation as applied to 
general improvement. 


| 


782 DISCUSSION 


If a certain class of pipe is required from the main to the curb the 
same quality should be continued as far as the department’s re- 
sponsibility goes in the laying of that pipe, and the very small differ- 
ence in expense would hardly warrant using inferior grades of mate- 
rial, if it is inferior. If it is not inferior, then there is no reason for 
discrimination between either one side or the other of the curb, the 
responsibility will have to be assumed by the water department. 
When the house is built on the property line as is usually the case in 
the business section, going a foot or two further in to make the con- 
nection through the wall to connect with the meter is a small matter; 
but if the house or store sits back 25 or 30 feet from the street line 
it necessitates carrying the pipe through a larger amount of private 
property, and then there might be a serious question brought up as 
to whether the department should do that or leave it to the owner. 

On the question of paying for the services, the speaker might 
refer to an experience in Louisville, Kentucky, where for a long 
number of years the services were put into the property line from 
the main free of cost. Later, after several years, that method was 
changed and the consumer was charged with the actual cost of the 
services in each instance. There were some objections raised at 
first, but owing to the absolute confidence in the board of water 
commissioners at that time the matter passed over and the public 
was very well satisfied. Later, after that condition had been in force 
for about four years, they went back to the old method of putting 
the services in free. The cost of a 3-inch service in Louisville cov- 
ering a period of years and taking an average length of from 30 to 
32 feet on a 32-inch lead service, was less than $12. It averaged that 
for several years—between $11 and $12, including the corporation 
cock, the stop-box at the curb and the lead pipe running from the 
stop-box into the building line; so that the conditions there would 
be probably more or less the same as they are in any section of the 
country where they do not have to blast through rock. With that 
cost the speaker can hardly see why there would be any excuse for 
considering any other class of material so far as the expense item is 
concerned. 


A Memper: Does $12 cover the cost of replacing the pavement? 


Mr. THreoporE A. LeIsen: Yes, on an average, that covers 
everything. 
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A Mempser: Is the committee that is investigating wrought iron 
pipe also investigating the relative desirability of wrought iron pipe 
as compared with lead pipe? 


Mr. A. A. RemmeR: Our committee has that matter under inves- 
tigation at the present time. We have been working on that for the 
past two years. 


Mr. H. C. Hopexins: The speaker wil! look for the results of 
the committee’s work with a great deal of interest. He thinks there 
is a very widespread mistaken idea as to the relative desirability of 
the two kinds of pipe. Certainly the information should be very 
valuable to this Association as superintendents. 


Mr. B. F. SouprErR: Our department puts in the services and con- 
trols the services from the main to thecurb. The price of the serv- 
ices is governed according to the width of the street; for instance, 
the property-owner comes to the water department to order a serv- 
ice, we ask him what size service he wants. Ey the way, we use 
tin-lined iron pipe from the main to the curb with the corporation 
and the tail piece as we call it. 

Our charges for street services are as follows: 


WATER DEPARTMENT OF ATLANTIC CITY 


Price List of Street Services 
To take effect February 16, 1909 


DIAMETER OF PIPE INCH 1-1INCH 1}-INcCH 1}-INCH 2-INCH 


Streets and alleys 25 feet 


wide and less............. $11.00 | $14.00 | $23.00 | $29.00 | $40.00 
Avenues 30 feet wide....... 13.50 18.25 25 .00 32.50 46 .00 
Avenues 36 feet wide....... 14.50 19.75 27.00 36.00 50.00 
Avenues 50 feet wide....... 17.00 24.00 33 .00 43 .00 59.00 
Avenues 75 feet wide....... 22.00 30.00 40.00 55.00 75.00 


Add to above price $2.00 for bitulithie or asphalt streets. 
Highway department charge for opening streets in addition to above 
schedule: 


$1.10 Asphalt between Florida and 
Asphalt between Main and New Carolina, Ocean and Tennes- 
Asphalt between New Jersey eee 33.90 


15.90 
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When they come to the office to order a connection with the main 
and state the location, we instruct the applicant that he must go 
into the highway department, take out a permit to open the street 
and bring that permit back to the water office. We then issue the 
permit, they paying cash for the service in advance. If the streets 
are paved with bitulithic, asphalt, brick, macadam or gravel, etc., 
the cost of opening the street varies; for a gravel street they would 
have to pay $1.10 to the highway department for a permit to open 
the street; for macadam, $4.90; for brick, $19; asphalt, between 
Maine and New Jersey Avenue, $23.33; asphalt, between New Jersey 
Avenue and Florida Avenue, $15.50; bitulithic on Atlantic Avenue, 
$25; on Virginia Avenue, South Carolina Avenue, Ocean Avenue, 
and Tennessee Avenue, $32.90; wooden block, $33.90. 

If it is a bitulithic paved street it is harder to open and an extra 
cost of $2 is added when they pay for the permit for the service. 
We maintain that service; we don’t aim to make anything, but we 
try not to lose on it. 

We use tin-lined pipe that costs us in Atlantic City 40 cents a 
foot for 2-inch pipe, and is said to have life everlasting; so that when 
they come to order a service and say, ‘‘ Well, it seems to me that is 
a pretty stiff price,” we say to them, “It has life everlasting, and 
never has to be renewed.” 

The size of taps is governed according to the size of the building. 
If it is a large hotel and they want larger than 2-inch we give 4- 
inch; if they want 3-inch we give them 4-inch instead of 3-inch, 
because we can put in a 4-inch cast iron service cheaper than we can 
put in a 3-inch wrought iron service. We don’t recommend 3-inch 
wrought iron for hotels, but we give them cast iron. We control 
and own the meters. We buy the meters and set them at the curb. 
The meters are invariably all at the curb. We set them there and 
the plumber takes the service from there. 

We compel the plumbers to take out a license. After the work is 
completed and they are ready to have the water turned on we send 
an inspector there who inspects the whole building and sees that the 
work is all right and everything is tight. Then we turn the water 
on if they have made an application for water. They pay in ad- 
vance the minimum rate which is governed according to the number 
of rooms and fixtures there are in the house. 

Small meters are read quarterly; thelargemeters we read monthly; 
so that we keep in touch withthem. When the meters are read the 
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book is left in the office and is gone over there. If we find that they 
have used more water during the month than they are allowed by 
the minimum rate we immediately send them a postal card notify- 
ing them that their minimum has been exceeded; that they have 
used a certain number of cubic feet equivalent to so much money. 
We send the inspector there, and after we get his report we notify 
them what the trouble is, and the next month if the inspector goes 
there and finds that they have not attended to it in accordance with 
the notice, we shut the water off until they do attend to it. Our 
minimum rates are as follows: 


ATLANTIC CITY WATER DEPARTMENT 


Information for Water Consumers 


Cub. feet Gals. 

Minimum Rate $ 5.00 entitles you to 41,667 
10.00 83,000 

13.00 108,333 

18.00 150,000 

208,333 

291,667 

416,667 

625,000 


Mr. GeorceE Houston: Realizing that we are taking up a lot of 
time with this discussion, the speaker did not divert any more than 
necessary or attempt to cover any more ground, but is reminded of 
a story, in listening to these talks, of the foolish child that stuck its 
finger on the hot stove and then yelled forsomebody to assist it out of 
its trouble by putting more wood into the fire. It is astonishing how 
men that have beenengaged on water works matters as long as some 
of these gentlemen have will keep on inviting trouble into their own 
camp. What excuse is there for water works men to assume that a 
private or a municipally owned company should take on the respon- 
sibility for putting the water plumbing into a man’s house. There 
is no excuse for it on earth. If you assume the control of the plumb- 
ing inside of a man’s property, and go there and inspect it after it is 
installed and pronounce it O.K., the next time he comes in to pay 
a bill that is $5 or $6 higher than it ought to be, on account of leak- 
ing pipes or fixtures, what are you going to say? Can you tell that 
man conscientiously that he has to pay the bill? No. That is the 
experience of every water works man, no matter whether he is col- 
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lecting for a private company or a municipal plant. Why, that 
man will at once tell you, ‘You have had the plumbing inspected, 
and you ought to know, or see to it that it is all right.” Why should 
we make it our business to inspect house plumbing. We told a man 
that came in to pay a bill of $52 for one quarter, when his average 
bill was $3.75, that we had nothing to do with the plumbing. If 
you take on responsibility for the plumbing you are holding your- 
selves responsible for the shortcomings of any job, and you cannot 
get away from it. Why do you want to invite that trouble upon 
yourselves all the time? Go home and think it over, and you who 
have not had experience in that line, think it over good and strong! 


Mr. W. F. Wiucox: The speaker had occasion about a year ago 
to try to tabulate the amount of water that could be accounted for 
by different plants, and arrived at the conclusion that the average 
amount of water accounted for by different plants was somewhere 
in the neighborhood of 75 per cent; that 80 per cent was high, and 
85 per cent was excellent; that there were very few plants according 
to their statements that had accounted for 85 per cent of their 
water. Below 75 per cent would indicate bad management. The 
report obtained and the result of all the compilations secured showed 
the above facts. 

Somebody here asked the question about buying pure wrought 
iron pipe. The speaker seriously doubts if there is enough pure 
wrought iron pipe made in the United States to supply the demand. 
The pipe people are spending a great deal of money in maintaining 
a large laboratory to test their pipe, and they are sending out men 
to investigate any pipe which fails, because they want that informa- 
tion. It would be wise for every man to determine, taking into ac- 
count his own conditions, whether he can use lead pipe, lead lined 
pipe, or wrought iron pipe. It is doubtful whether your committee 
will get enough reliable data to lay down any hard and fast rule that 
is going to do for any considerable number of plants. 


Mr. Francis C. Hersey: From the last speaker’s statements, 
the percentage of unaccounted-for water was leakage in the mains 


and perhaps meter under-registration. Is that correct? 


Mr. W. F. Witcox: Yes. 
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Mr. GreorGr Hornuna: Some forty years ago the speaker be- 
came manager of a water works, and the question of accounting for 
the water pumped and consumed came before him. To do this 
properly, the water pumped was measured, so as to be able to re- 
port not only the actual consumption of water by the city, but also 
to keep informed on the efficiency of the pumping plant. In this 
case there was a divided reservoir; in one of the basins was con- 
structed a weir, and the caretaker of the reservoir was taught to use 
the hook gauge, and when he became proficient in this, weir readings 
were taken daily between the hours of twelve and one o’clock. At 
the same time and hour, counter readings were taken of the revolu- 
tions made by the engine. These weir readings and revolutions of 
engines were sent to the speaker daily, and the computed results 
from this data showed that the per capita consumption did not ex- 
ceed 30 gallons per day. 

About twelve years ago the speaker again became the manager 
of this plant, and upon that occasion the city was about to issue 
bonds for the purchase of additional pumping machinery. From a 
preliminary investigation of the machinery it was found to be large 
enough, if put in thorough repair, to amply supply the city for years 
to come. For ascertaining the amount of water the engines were 
pumping in the condition they were in, a Venturi meter was placed 
in the pipe through which the engines were pumping, and the results 
obtained indicated that the loss of pump action or slippage was 50 
per cent. After the repairs were made meter measurements of the 
water discharged by the pumps were again taken, which gave a loss 
of pump action of a fraction Jess than 3 per cent. 

The water consumption per capita, as usually published in the 
annual water works reports, is generally based on plunger displace- 
ment of the pump, with a small correction for pump slippage, which 
cannot be relied upon, for reasons as heretofore stated, unless the 
water delivered by the pumps is actually measured. As an illustra- 
tion of the unreliability of the method of reporting the water de- 
livered by a pumping engine when based on plunger displacement, 
the following instance may be cited: in the investigation of a large 
pumping station an engine with a rated capacity of 24,000,000 gal- 
lons per day, was found operating for two weeks without pumping 
any water; or in other words the slippage or loss of pump action in 
this case, was equal to 100 per cent; but with all that, the daily read- 
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ing of the counter on the engine, and its computed plunger displace- 
ment, was sent by the chief operating engineer to the office of the 
superintendent of that water works, and there accepted without be- 
ing questioned in entering it up with the remaining engines in 
operation as water pumped and consumed. The discharge pipe or 
force main of this engine approached the reservoir on a uniform as- 
cending grade, and finally curved vertically, with its end flush with 
the bottom of a large flume constructed of masonry alongside of the 
reservoir, through which the water was led to the latter. Into this 
flume six other engines were delivering their water at one time; 
hence the failure of this particular engine went undiscovered until 
all of the others were shut down and this one operated by itself. 


Mr. Wirt J. Wiuus: Mr. President and gentlemen, inasmuch as 
this discussion has covered almost the entire life history of every 
other water department it had better get a look-in now relating to 
the conditions in Memphis, which has been a municipally owned 
plant. The connection from the main to the curb is paid for by the 
city and put in by the water department. The city has a plumbing 
inspector who inspects the plumbing inside of the building. 


Mr. W. F. Witcox: Mr. Hornung took up the question of pump 
slippage as affecting unaccounted-for water. The speaker cannot 
see how anybody would carry pump slippage over into that account. 
Any man with a very rough apparatus can find out what his pump 
slippage is. 


THE SECTIONS 
NEW YORK 


The first 1915-16 meeting of the New York Section was held at 
the Manhattan Hotel, October 20, 1915, Mr. Robert E. Milligan 
presiding. Eighty members and guests were registered. Luncheon 
was served, after which Mr. Carl P. Birkenbine read a paper “ Vari- 
ations in Precipitation as Affecting Water Works Engineering,” 
illustrated by lantern slides. The paper was discussed by Messrs. 
A. J. Provost (using lantern slides), John C. Trautwine, Jr., Wil- 
liam W. Brush, Sidney K. Clapp and Francis F. Longley. Mr. J. 
Waldo Smith presented some lantern slides of the Los Angeles 
Aqueduct, accompanying them with a running talk. 

The New York Section will have two more meetings during the 
winter 1915-16, the third Wednesdays in December (15th) and 
February (16th). 


ILLINOIS 


The fall meeting of the Illinois Section was held at Hotel Sher- 
man, Chicago, October 19, 1915. Luncheon was served at the Col- 
lege Inn, after which automobiles, furnished by the Chicago members 
of the Section, and representatives of supply houses, took the mem- 
bers to the new Municipal pier, the Lakeview pumping station, the 
Wilson Avenue tunnel on the lake front, the site of the new pumping 
station at Mayfair, and the new Municipal shops. Dinner was 
served at the Hotel Sherman, after which the following papers, 
illustrated by lantern slides, were presented: 

“Design and Construction of the New City Intake,” by Mr. 
John Ericson; ‘Water Softening Practice,’ by Mr. Samuel A. 
Greeley. 

Mr. W. J. Spaulding also presented a paper “Saving by Preventing 
Water Waste.” 

A letter was received from the American Society of Civil Engineers, 
asking for the codéperation of the Section in bringing about unity of 
action where the advancement of engineers interested may be jointly 
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undertaken. The chairman was authorized to appoint a committee 
to investigate and report. 

The next meeting will be held, jointly with the Illinois Society of 
Engineers and Surveyors, at the University of Illinois, Urbana, Jan- 
uary 25 to 27,1916. Papers of special interest to water works men 
will be given on January 25, and the business of the section will be 
transacted on that date. On the 26th and 27th joint sessions will 
be held. All members of the American Water Works Association 
are invited to attend. 


CENTRAL STATES 


The first meeting of the Central States Section was held at the 
Chittenden Hotel, Columbus, Ohio, October 20 and 21, 1915. 
Papers were read as follows: 

“Sources of Water Pollution,” by Mr. John W. Hill; “The Devel- 
opment of Rapid Sand Filters in Ohio,” by Mr. Phillip Burgess, 
and a paper by Mr. McCullom (title not reported). 

The following officers of the section were elected: 

Chairman, Mr. Jerry O’Shaughnessy, Columbus, Ohio. 

Vice-Chairman, Mr. Elroy Tobias, Hastings, Mich. 

Treasurer, Mr. A. W. Inman, Massillon, Ohio. 

Directors, Mr. C. W. Wiles, Delaware, Ohio; Mr. Charles Londick, 
Three Rivers, Mich.; Mr. H. H. Frost, Akron, Ohio. 


IOWA 


A meeting of the Iowa Section has been called for December 3 and 
4, 1915, but no program or particulars have been received. At this 
meeting the organization of this Section will be perfected and offi- 
cers elected. 


PHILADELPHIA 


Members of the Association residing in Eastern Pennsylvania, 
New Jersey south of and including Trenton, Delaware and Mary- 
land, have petitioned for the formation of a section, and the Execu- 
tive Committee has granted the request. No meeting has as yet 
been held for organization. 


OFFICERS 1915-1916 


President 
Nicuotas §. Hitt, Jr., Consulting Engineer, 100 William St., New York, N. Y. 


Vice-President 
Leonarp Metcatr, Consulting Engineer, 14 Beacon St., Boston, Mass. 


Treasurer 
James M. Cairp, Chemist and Bacteriologist, 271 River Street, Troy, N. Y. 


Secretary-Editor 
Joun M. Driven, Superintendent of Water Works, Troy, N. Y. 


Trustees 
Term Expiring 1916 
Tueopore A. LEISEN, General Superintendent, Board of Water Commissioners, 
Detroit, Mich. 
CHARLES R. HenpERSON, Manager Water Works, Davenport, Ia. 
Term Expiring 1917 
ALLEN Hazen, Civil Engineer, 42nd St. Building, New York, N. Y. 
ALLAN W. CupprEBack, Engineer and Superintendent Passaic Water Company, 
Paterson, N. J. 
Term Expiring 1918 
CarRLETON E. Davis, Chief of Bureau of Water, Philadelphia, Pa. 
C. H. Rust, City Engineer and Water Commissioner, Victoria, B. C. 


Executive Committee 
NICHOLAS 8. HILL, JR., President 


GEORGE G. EARL CARLETON E. DAVIS 
ROBERT J. THOMAS JAMES M. CAIRD 

H. E. KEELER LEONARD METCALF 
JOHN M. DIVEN THEODORE A. LEISEN 
CHARLES R. HENDERSON ALLEN HAZEN 

ALLAN W. CUDDEBACK C. H. RUST 


Honorary Vice-Presidents 

J. Watpo Smita, President New York Section, Chief Engineer Board Water 
Supply, Municipal Building, New York, N. Y. 

W. J. Spautpina, President Illinois Section, Commissioner of Public Property, 
Springfield, Ill. 

Jerry O’SHAuGHNEsSy, Chairman Central States Section, Superintendent 
Department of Water, Columbus, Ohio. 

Witson F. Monrort, President Chemical and Bacteriological Section, 506 
N. Vandeventer Ave., St. Louis, Mo. 
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STANDING AND SPECIAL COMMITTEES 1915-1916 


FINANCE 


H. E. Keever, Chairman, President Rogers Park Water Company, 633 The 
Rookery, Chicago, IIl. 

Howarp A. Dit, Superintendent Water Works, Richmond, Ind. 

Henry B. Morean, Manager Water Works Company, Peoria, III. 


PUBLICATION 


Joun W. Atvorp, Chairman, Consulting Engineer, 1417 Hartford Bldg., 
Chicago, 

Dasney H. Maury, Consulting Engineer, 1137 Monadnock Block, Chicago, III. 

Epwarp Bartow, Director State Water Survey, Urbana, IIl. 

H. E. Keeer, President Rogers Park Water Co., 633 The Rookery, Chicago, 
Ill. 

Joun M. Diven, Editor, 47 State Street, Troy, N. Y. 


MEMBERSHIP 


Wituiam R. Youna, Chairman, Registrar Water Department, Minneapolis, 
Minn. 

James H. CaLpwE.t, Civil Engineer, Troy, N. Y. 

Morris R. SHERRERD, Chief Engineer Street and Water Commission, Newark, 
N. J. 

NOMINATING 

JoHn CAULFIELD, Chairman, 412 Ashland Avenue, St. Paul, Minn. 

Morris R. SuerrerD, Chief Engineer Street and Water Commission, City 
Hall, Newark, N. J. 

Rosert J. THomas, Superintendent Water Works, Lowell, Mass. 

M. L. Worretx, General Manager Water Works, Meridian, Miss. 

H. Hymmen, Superintendent Water Works, Berlin, Ont., Canada. 


ELECTROLYSIS 


AusBErtT F. Ganw, Chairman, Professor Electrical Engineering, Stevens Insti- 
tute of Technology, Hoboken, N. J. 

Cuar.es R. Henperson, Manager Water Works, Davenport, Iowa. 

DanieEt D. Jackson, Sanitary Expert, Engineers Building, Columbia Univer- 
sity, New York, N. Y. 

- E. E. Minor, Superintendent Water Company, New Haven, Conn. 

Rosert A. Jackson, Superintendent Insurance and Water Company, Norris- 
town, Pa. 


REVISION OF STANDARD SPECIFICATIONS FOR CAST IRON PIPE AND SPECIALS 


Joun H. Grecory, Chairman, Consulting Engineer, 170 Broadway, New York, 


WN. Y¥. 
W. H. Ranpatt, Superintendent of Maintenance, Water Department, To- 
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Water Woop, President Millville Water Company, 400 Chestnut Street, 
Philadelphia, Pa. 

Frank A. Barsour, Hydraulic and Sanitary Engineer, 1120 Tremont Build- 
ing, Boston, Mass. 

Epwarp E. Wat, Water Commissioner, St. Louis, Mo. 


STANDARD SPECIFICATIONS FOR WROUGHT IRON PIPE 


A. A. Rermer, Chairman, Engineer Water Department, East Orange, N. J. 

Rosert SpurrR Weston, Consulting Sanitary Engineer, 14 Beacon Street, 
Boston, Mass. 
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